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DRIVER ASSISTANCE APPARATUS FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION D

This application claims priority to Korean Patent Appli-
cation No. 10-2016-0048662, filed on Apr. 21, 2016 1n the
Korean Intellectual Property Oflice, the disclosure of which

1s mcorporated herein by reference. 10
TECHNICAL FIELD
The present invention relates to a driver assistance appa- s
ratus included 1n a vehicle.
BACKGROUND
A vehicle 1s a machine moved by a user who rides therein. -

An example of a vehicle 1s a car.

For convenience of vehicle users, vehicles tend to include
various sensors and electronic devices. Particularly, various
apparatus for driver convenience are under development.

A plurality of apparatuses and systems are attached to a 5
vehicle as the vehicle includes various electronic appara-
tuses.

Conventional vehicles use blind stop detection (BSD) to
detect output an alarm when another vehicle 1s located 1n a
blind spot at a rear side of the vehicles. However, the 30
conventional vehicles cannot cope with many situations
generated during driving since an area in which other
vehicles are sensed i1s fixed. In addition, drivers cannot
recognize a degree of risk of a current situation.

Accordingly, a driver assistance apparatus for vehicles, 35
which varies a BSD zone for sensing other vehicles accord-

ing to situation and outputs an alarm indicating risk, 1s under
study.

SUMMARY 40

Therelore, the present invention has been made 1n view of
the above problems, and it 1s an object of the present
invention to provide a driver assistance apparatus for
vehicles, which varies a BSD zone for sensing other vehicles 45
according to situation.

Another object of the present imnvention 1s to provide a
driver assistance apparatus for vehicles, which outputs alarm
signals of different levels depending on degrees of risk.

Technical tasks obtainable from the present invention are 50
not limited to the above-mentioned technical task. In addi-
tion, other unmentioned technical tasks can be clearly under-
stood from the following description by those having ordi-
nary skill in the technical field to which the present invention
pertains. 55

To accomplish the object of the present invention, an
embodiment of the present inmvention provides a driver
assistance apparatus for a vehicle, including a sensing unit
for sensing an object located outside the vehicle, and a
processor for changing a blind spot detection (BSD) zone on 60
the basis of vehicle information and providing a signal
corresponding to an alarm on the basis of the changed BSD
zone.

Details of other embodiments are included 1n the detailed
description and drawings. 65
The present invention has one or more of the following

advantages.

2

Firstly, since a BSD zone for sensing other vehicles 1s
varied according to situation, user recognition of an area to
which the user needs to pay attention 1s enhanced.

Secondly, alarm signals of different levels are output
depending on degrees of risk and thus a user can rapidly
recognize a degree of risk of the current situation.

Thirdly, since an alarm signal at a low level 1s output
when a degree of rnisk of the current situation i1s low,
generation of unnecessary alarm 1s prevented.

The eflects of the present invention are not limited to the
above-described eflects and other effects which are not
described herein will become apparent to those skilled 1n the
art from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the exterior of a vehicle according to an
embodiment of the present invention.

FIG. 2 1s a block diagram of a vehicle according to an
embodiment of the present invention.

FIG. 3 1s a block diagram of a driver assistance apparatus
for a vehicle according to an embodiment of the present
ivention.

FIGS. 4a, 4b and 4c¢ illustrate arrangement of sensing
units and arrangement of a BSD zone of a driver assistance
apparatus according to an embodiment of the present inven-
tion.

FIGS. 3a, 5b and 5¢ are views for explaining a BSD zone
for outputting an alarm by the drniver assistance apparatus
according to an embodiment.

FIGS. 6a and 65 are views for explaining operation of the
driver assistance apparatus according to an embodiment of
the present invention to change the BSD zone.

FIGS. 7a to 7d are views for explaining operation of the
driver assistance apparatus according to an embodiment of
the present invention to change a second BSD zone on the
basis of vehicle state information.

FIGS. 8a and 85 are views for explaining a case 1n which
the driver assistance apparatus according to an embodiment
of the present invention outputs a first level alarm even when
an object 1s sensed 1n the second BSD zone.

FIGS. 9a and 95 are views for explaining operation of the
driver assistance apparatus according to an embodiment of
the present invention to change the BSD zone on the basis
of state information of another vehicle.

FIG. 10 1s a view for explaining operation of the drniver
assistance apparatus according to an embodiment of the
present mvention to output second level alarm on the basis
of vehicle state information and state informant of another
vehicle.

FIGS. 11a to 11c are views for explaining operation of the
driver assistance apparatus according to an embodiment of
the present invention to change the BSD zone on the basis
of traveling environment imnformation.

FIGS. 12a and 125 are views for explaining operation of
the driver assistance apparatus according to an embodiment
of the present invention to change the second BSD zone on
the basis of traveling environment information.

DETAILED DESCRIPTION

The present mvention will now be described 1n more
detail with reference to the attached drawings. The same
reference numbers will be used throughout this specification
to refer to the same or like parts. The terms “module” and
“unit” used to signily components are used herein to aid 1n
understanding of the components and thus should not be
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considered as having specific meanings or roles. In the
following description of the present invention, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted when 1t may obscure the subject
matter of the present invention. The accompanying drawings
illustrate exemplary embodiments of the present mnvention
and provide a more detailed description of the present
invention. However, the scope of the present invention
should not be limited thereto. It should be understood that

there 1s no intent to limit the invention to the particular forms
disclosed herein. On the contrary, the invention 1s to cover
all modifications, equivalents, and alternatives within the
spirit and scope of the invention as defined by the claims.

Although terms including an ordinal number, such as first
or second, may be used to describe a variety of constituent
elements, the constituent elements are not limited to the
terms, and the terms are used only for the purpose of
discriminating one constituent element from other constitu-
ent elements.

It will be understood that when an element 1s “connected”™
or “coupled” to another element 1n the following descrip-
tion, 1t can be directly connected or coupled to the other
clement or intervening elements may be present therebe-
tween. In contrast, when an element 1s “directly connected”
or “directly coupled” to another element, there are no
intervening elements present.

The singular forms are intended to include the plural
forms as well, unless context clearly indicates otherwise.

It will be further understood that the terms “include” or
“have” when used 1n this specification, specily the presence
of stated features, numerals, steps, operations, clements,
and/or components, but do not preclude the presence or
addition of one or more other features, numerals, steps,
operations, elements, components, and/or groups thereof.

A vehicle described 1n the specification may include a car
and a motorcycle. The car 1s described as the vehicle 1n the
tollowing.

The vehicle described 1n the specification may include an
internal combustion engine vehicle having an engine as a
power source, a hybrid vehicle having an engine and an
clectric motor as a power source and an electric vehicle
having an electric motor as a power source.

In the following description, the left side of a vehicle
means the left side of a driving direction of the vehicle and
the right side of the vehicle means the right side of the
driving direction of the vehicle.

FIG. 1 shows the exterior of a vehicle 100 according to an
embodiment of the present invention.

Referring to FIG. 1, the vehicle 100 may include wheels
rotated by a power source and a steering mput device for
steering the vehicle 100.

The vehicle 100 may include a driver assistance apparatus
200 according to the present invention. The driver assistance
apparatus 200 can output an alarm when an object 1s sensed
in a set BSD zone.

The driver assistance apparatus 200 can change the BSD
zone on the basis of vehicle information. The driver assis-
tance apparatus 200 can output an alarm when an object 1s
sensed 1n the changed BSD zone.

The vehicle assistance apparatus 200 may set a plurality
of BSD zones. The vehicle assistance apparatus 200 may
individually change the plurality of BSD zones on the basis
of vehicle information.

The vehicle assistance apparatus 200 may set risk levels
respectively corresponding to the plurality of BSD zones.
When an object 1s sensed 1n at least one of the plurality BSD
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zones, the driver assistance apparatus 200 can output an
alarm corresponding to the risk level of the BSD zone 1n
which the object 1s located.

According to an embodiment, the vehicle 100 may be an
autonomous vehicle. An autonomous vehicle can be
switched to an autonomous driving mode or a manual mode
according to user input. In the manual mode, the autono-
mous vehicle 100 can receive steering input through a
steering mput unit.

The overall length means the length between the front part
and the rear part of the vehicle 100, width means the width
of the vehicle 100 and height means the distance between the
lower part of the wheel and the roof of the vehicle 100. In
the following description, an overall length direction L may
refer to a direction 1n which the overall length of the vehicle
100 1s measured, a width direction W may refer to a
direction 1n which the width of the vehicle 100 1s measured,

and a height direction H may refer to a direction 1n which the

height of the vehicle 100 1s measured.

FIG. 2 1s a block diagram of the vehicle according to an
embodiment of the present invention.

Referring to FIG. 2, the vehicle 100 may include a
communication unit 110, an mput unit 120, a sensing unit
125, a memory 130, an output unit 140, a vehicle driving
umt 150, a controller 170, an interface 180, a power supply
umt 190 and the driver assistance apparatus 200.

The communication unit 110 may include a short-range
communication module 113, a position information module
114, an optical communication module 115 and a V2X
communication module 116.

The short-range communication module 113 1s a module
for short range commumnication and can support short range
communication using at least one of Bluetooth™, RFID
(Radio Frequency Identification), Infrared Data Association
(IrDA), UWB (Ultra Wideband), ZigBee, NFC (Near Field
Communication), Wi-F1 (Wireless-Fidelity), Wi-F1 Direct
and Wireless USB (Wireless Universal Serial Bus).

The short-range communication module 113 can perform
short-range communication between the vehicle 100 and at
least one external device by establishing wireless area
networks. For example, the short-range communication
module 113 can wirelessly exchange data with a mobile
terminal. The short-range communication module 113 can
receive weather information and traffic information (e.g.,
transport protocol experts group (TPEG) information) from
a mobile terminal. When a user enters the vehicle 100, a
mobile terminal of the user and the vehicle 100 can be paired
automatically or according to execution of an application by
the user.

The position mnformation module 114 1s a module for
locating the vehicle 100 and a typical example thereof 1s a
GPS (Global Positioning System) module. For example, the
vehicle can acquire the location thereof using signals sent
from a GPS satellite using the GPS module.

According to an embodiment, the position information
module 114 may be a component included 1n the sensing unit
125 1nstead of the communication unit 110.

The optical communication module 115 may include a
light transmission unit and a light receiving unit.

The light receiving unit converts a light signal into an
clectrical signal so as to recerve information. The light
receiving unit may include a photodiode (PD) for receiving
light. The photodiode converts light into an electrical signal.
For example, the light receiving unit can receive information
on a preceding vehicle through light emitted from a light
source mcluded 1n the preceding vehicle.




US 10,611,383 B2

S

The light transmission unit may include at least one
light-emitting element for converting an electrical signal
into a light signal. Here, the light-emitting element 1is
preferably an LED (Light Emitting Diode). The light trans-
mission unit converts an electrical signal 1into a light signal
and emits the light signal. For example, the light transmis-
sion unit can emit a light signal through flickering of the
light-emitting element, which corresponds to a predeter-
mined frequency. According to an embodiment, the light
transmission unit may include a plurality of light-emitting,
clement arrays. According to an embodiment, the light
transmission unit may be integrated with a lamp provided to
the vehicle 100. For example, the light transmission unit can
be at least one of a headlight, a taillight, a brake light, a turn
signal lamp and a sidelight. For example, the optical trans-
mission module 115 can exchange data with another vehicle
through optical communication.

The V2X communication module 116 i1s a module for
wireless communication between the vehicle 100 and a
server or other vehicles. The V2X communication module
116 includes a module 1n which a vehicle-to-vehicle com-
munication (V2V) or vehicle-to-infrastructure communica-
tion (V2I) protocol can be implemented. The vehicle 100
can perform wireless communication with an external server
or other vehicles through the V2X communication module
116.

The mput unit 120 may include an operation unit 121, a
microphone 123 and a user input unit 124.

The operation unit 121 recerves user input for driving the
vehicle 100. The operation unit 121 may include a steering
input unit, a shift mput unit, an acceleration mput unit and
a brake mput unit.

The user applies steering 1nput to the steering input unit.
The steering input unit 1s preferably configured as a steering
wheel such that steering imnput according to rotation can be
applied. According to an embodiment, the steering input unit
may be configured in the form of a touchscreen, a touch pad
or a button.

The user applies inputs with respect to park (P), drive (D),
neutral (N), and reverse (R) of the vehicle 100 through the
shift input unit. The shiit input unit 1s preferably configured
in the form of a lever. According to an embodiment, the shiit
input unit may be configured 1n the form of a touchscreen,
a touch pad or a button.

The user applies mput with respect to acceleration of the
vehicle 100 through the acceleration mput unit. The user
applies iput with respect to reduction of the speed of the
vehicle 100 to the brake mput unit. The acceleration input
unit and the brake input unit are preferably configured in the
form of a pedal. According to an embodiment, the accelera-
tion 1nput unit or the brake input unit may be configured in
the form of a touchscreen, a touch pad or a button.

The microphone 123 may process an external audio signal
into electrical data. The processed data may be used in
various manners according to functions executed in the
vehicle 100. The microphone 123 may convert a voice
command of the user into electrical data. The converted
clectrical data may be transmitted to the controller 170.

According to an embodiment, the camera 122 or the
microphone 123 may be included in the sensing unit 125
instead of the input unit 120.

The user input unit 124 1s used to receive information
from the user. Upon input of information through the user
input unit 124, the controller 170 may control operation of
the vehicle 100 to respond to the input information. The user
input unit 124 may include a touch type mput means or a
mechanical input means. According to an embodiment, the
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user mput unit 124 may be provided to a region of the
steering wheel of the vehicle. In this case, the driver can
operate the user mput unit 124 with a finger while gripping
the steering wheel.

The sensing unit 125 senses states of the vehicle 100 or
external states of the vehicle 100. To this end, the sensing
unmit 125 may include a collision sensor, a wheel sensor, a
speed sensor, a tilt sensor, a weight sensor, a heading sensor,
a yaw sensor, a gyro sensor, a position module, a front
side/rear side sensor, a battery sensor, a fuel sensor, a tire
sensor, a steering sensor, a vehicle internal temperature
sensor, a vehicle internal humidity sensor, an ultrasonic
sensor, an 1llumination sensor, an acceleration pedal position
sensor, a brake pedal position sensor and the like.

Accordingly, the sensing unit 125 may acquire sensing
signals with respect to vehicle collision information, vehicle
direction information, vehicle position mformation (GPS
information), heading information, speed information,
acceleration information, vehicle orientation information
(e.g., a direction of a vehicle or a tile angle of a mobile
device) information, drive/reverse information, battery
information, fuel information, tire information, vehicle lamp
information, vehicle internal temperature information,
vehicle internal humidity mformation, steering wheel rota-
tion angle information, external illumination, pressure
applied to the acceleration pedal, pressure applied to the
brake pedal and the like.

In addition, the sensing unit 125 may further include an
acceleration pedal sensor, a pressure sensor, an engine speed
sensor, an air flow sensor (AFS), an air temperature sensor

(ATS), a water temperature sensor (WTS), a throttle position
sensor (1PS), a TDC sensor, a crank angle sensor (CAS) and

the like.

The position information module 114 may be classified as
a component of the sensing unit 125.

The sensing unit 125 may include an object sensor for
sensing an object around the vehicle. The object sensor may
include a camera module, a radar, a lidar and an ultrasonic
sensor. In this case, the sensing unit 125 can sense an object
in front of the vehicle or an object behind the vehicle
through the camera module, radar, lidar or ultrasonic sensor.

The sensing unit 125 may include a camera module. The
camera module may include an external camera module for
photographing surroundings of the vehicle and an internal
camera module for photographing the iside of the vehicle.

The external camera module may include one or more
cameras for photographing surroundings of the vehicle 100.
The external camera module may include an around view
monitoring (AVM) device or a rear view camera.

The AVM device can combine a plurality images acquired
by a plurality of cameras to provide an around view image
of the vehicle to a user. The AVM device can combine a
plurality of images into an image that 1s easy to see and
display the image. For example, the AVM device can com-
bine a plurality of 1images into a top view 1mage and display
the top view 1mage.

For instance, the AVM device can include first to fourth
cameras. In this case, the first camera may be provided
around the front bumper, radiator grille, emblem or wind-
shield of the vehicle. The second camera may be provided to
the left side mirror, left front door, left rear door or left
tender of the vehicle. The third camera may be provided to
the right side mirror, right front door, right rear door or right
tender of the vehicle. The fourth camera may be provided
around the rear bumper, emblem or license plate of the
vehicle.
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The rear view camera may include a camera for photo-
graphing a rear view 1mage of the vehicle.

For example, the rear view camera can be provided
around the rear bumper, emblem or license plate of the
vehicle.

A camera mncluded 1n a sensing unit 210 of the dniver
assistance apparatus 200 may be a camera included in one of
the AVM device, a BSD device and the rear view camera of
the vehicle 100.

The memory 130 electrically connected to the controller
170. The memory 130 may store fundamental data about the
units, control data for operation control of the units and
input/output data. The memory 130 may be various types of
storage devices such as a ROM, a RAM, an EPROM, a flash
drive and a hard drive. The memory 130 may store various
types of data for the overall operation of the vehicle 100,
such as programs for processing or control.

In some 1mplementations, the controller can control the
memory 130 to maintain data associated with the BSD zone.

The output unit 140 outputs information processed by the
controller 170 and may include a display 141, an audio
output unit 142 and a haptic output unit 143.

The display 141 may display various graphical objects.
For example, the display 141 can display vehicle related
information. The vehicle related information may include
vehicle control information for direct control of the vehicle
or vehicle driving assistance information for providing driv-
ing guidance to the vehicle driver. In addition, the vehicle
related information may include vehicle state information
indicating the current state of the vehicle or vehicle driving
information related to driving of the vehicle.

The display 141 may include at least one of a liquid
crystal display (LCD), a thin film transistor-liquid crystal
display (TFT LCD), an organic light emitting diode
(OLED), a flexible display, a 3D display and an e-ink
display.

The display 141 may implement a touchscreen by forming,
a layered structure with a touch sensor or by being integrated
with the touch sensor. Such touchscreen can function as the
user mput unit that provides an mput interface between the
vehicle 100 and the user and, simultaneously, provide an
output interface between the vehicle 100 and the user. In this
case, the display 141 may include a touch sensor for sensing
touch applied to the display 141 such that a control com-
mand 1s mput to the display 141 through touch. When touch
1s applied to the display 141, the touch sensor can sense the
touch and the controller 170 can generate a control com-
mand corresponding to the touch on the basis of the sensed
touch. Input applied through touch may be text, figures or
menu 1tems that can be indicated or designated 1n various
manners.

The display 141 may include a cluster to enable the driver
to drive the vehicle and, simultaneously, to check vehicle
state information or vehicle driving information. The cluster
may be provided on the dashboard. In this case, the driver
can check information displayed on the cluster while look-
ing forward.

According to embodiment, the display 141 may be imple-
mented as an HUD (Head Up Display). When the display
141 1s implemented as an HUD, information can be output
through a transparent display provided to the windshield of
the vehicle. Alternatively, the display 141 may include a
projection module so as to output information through an
image projected onto the windshield.

According to embodiment, the display 141 may include a
transparent display. In this case, the transparent display can
be attached to the windshield.

10

15

20

25

30

35

40

45

50

55

60

65

8

The transparent display may display a predetermined
screen with predetermined transparency. For transparency,
the transparent display may include at least one of a trans-
parent TFEL (Thin Film Electroluminescent) display, a
transparent OLED (Organic Light-Emitting Diode) display,
a transparent LCD (Liquid Crystal Display), a transmission
type transparent display and a transparent LED (Light
Emitting Diode) display. The transparency of the transparent
display may be controlled.

The audio output unit 142 converts an electrical signal
from the controller 170 1nto an audio signal and outputs the
audio signal. To this end, the audio output unit 142 may
include a speaker. The audio output unit 142 may output
sound corresponding to operation of the user iput unit 124.

The haptic output unit 143 generates haptic output. For
example, the haptic output unit 143 can vibrate the steering
wheel, a safety belt or a seat to enable the user to recognize
haptic output.

The vehicle dnving unit 150 may control operations of
various devices of the vehicle. The vehicle driving unit 150
may include a power source driver 151, a steering driver
152, a brake driver 153, a lamp driver 154, an air-conditioner
driver 155, a window driver 156, an airbag driver 157, a
sunrool driver 158 and a suspension driver 159.

The power source driver 151 can perform electronic
control of a power source of the vehicle 100.

For example, when the power source is a fossil fuel based
engine (not shown), the power source driver 151 can per-
form electronic control of the engine so as to control the
output torque of the engine. When the power source driver
151 is an engine, the speed of the vehicle can be limited by
restricting an engine output torque under the control of the
controller 170.

Alternatively, when an electric motor (not shown) 1s a
power source, the power source driver 151 can control the

motor. Accordingly, revolutions per minute (RPM), torque
and the like of the motor can be controlled.

The steering driver 152 may electronically control a
steering apparatus of the vehicle 100 so as to steer the
vehicle 100.

The brake driver 153 may electronically control a brake
apparatus (not shown) of the vehicle 100. For example, the
brake driver 153 can reduce the speed of the vehicle 100 by
controlling the operation of a brake provided to the wheels.
As another example, the brake driver 153 can adjust the
direction of the vehicle 100 to the left or right by differently
operating brakes respectively provided to the left and right
wheels.

The lamp driver 154 may turn on/turn off lamps provided
to the inside and outside of the vehicle 100. In addition, the
lamp driver 154 may control 1lluminance, directions and the
like of the lamps. For example, the lamp driver 154 can
control the turn signal, brake lamp and the like.

The air-conditioner driver 155 may electronically control
an air conditioner (not shown) of the vehicle 100. For
example, the air-conditioner driver 155 can control the air
conditioner to supply cool air to the 1nside of the vehicle 100
when the internal temperature of the vehicle 1s high.

The window driver 156 may electronically control a
window apparatus of the vehicle 100. For example, the
window driver 156 can control opening or closing of left and
right windows provided to the side of the vehicle.

The airbag driver 157 may electronically control an airbag
apparatus provided to the inside of the vehicle 100. For
example, the airbag driver 157 can control the airbag appa-
ratus to operate 1n a dangerous situation.
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The sunroof driver 158 may electronically control a
sunroof apparatus (not shown) of the vehicle 100. For
example, the sunroof driver 158 can control opening or
closing of a sunroof.

The suspension driver 159 may electronically control a
suspension apparatus (not shown) of the vehicle 100. For
example, the suspension driver 159 can reduce vibration of
the vehicle 100 by controlling the suspension apparatus
when the surface of the road 1s rough.

According to embodiment, the vehicle driving unit 150
may include a chassis driver. The chassis driver may include
the steering driver 152, brake driver 153 and suspension
driver 169.

The controller 170 may control operations of the respec-
tive units of the vehicle 100. The controller 170 may be
called an ECU (Electronic Control Unit).

The controller 170 may be implemented using at least one
of ASICs (application specific integrated circuits), DSPs
(digital signal processors), DSPDs (digital signal processing
devices), PLDs (programmable logic devices), FPGAs (field
programmable gate arrays), processors, controllers, micro-
controllers, microprocessors and other electrical units for
executing the corresponding functions.

The interface 180 may serve as a passage between the
vehicle 100 and various external devices connected to the
vehicle 100. For example, the interface 180 can include a
port connectable to a mobile terminal and can be connected
to the mobile terminal through the port. In this case, the
interface 180 can exchange data with the mobile terminal.

The interface 180 may serve as a passage through which
clectric energy 1s supplied to the mobile terminal connected
thereto. When the mobile terminal 1s electrically connected
to the interface 180, the interface 180 can provide electric
energy supplied from the power supply unit 190 to the
mobile terminal under the control of the controller 170.

The power supply umit 190 may provide power necessary
for operations of the components of the vehicle 100 under
the control of the controller 170. The power supply unit 170
may be provided with power from a battery (not shown)
included in the vehicle.

The driver assistance apparatus 200 outputs an alarm
when an object 1s sensed in a variable BSD zone. A
description will be given of the driver assistance apparatus
200.

FIG. 3 1s a block diagram of the driver assistance appa-
ratus according to an embodiment of the present invention.

Referring to FIG. 3, the drniver assistance apparatus 200
may include the sensing unit 210, a communication unit 220,
an mput unit 230, a memory 240, an interface 250, an output
unit 260, a processor 270 and a power supply unit 290.

The sensing unit 210 may include a means for sensing an
object. The sensing unit 210 may sense an object located
outside the vehicle 100. For example, the sensing unit 210
can sense an object located 1n at least one BSD zone.

The sensing unit 210 can be electrically connected to the
processor 270. When an object 1s sensed, the sensing unit
210 can provide an object sensing signal to the processor
2°70. The processor 270 can determine whether the position
at which the object 1s sensed 1s a BSD zone on the basis of
the object sensing signal. The processor 270 can output a
signal corresponding to an alarm when the position at which
the object 1s sensed 1s a BSD zone. The output unit 260 can
output the alarm corresponding to the signal provided by the
processor 270.

A BSD zone may be a zone in a specific range in which
attention of the driver needed during driving. The processor
270 can set an area within the specific range in which
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driver’s attention i1s needed as a BSD zone. The processor
270 can set a BSD zone around the vehicle. For example, the
processor 270 can set BSD zones within a predetermined
distance from the side and backside of the vehicle 100. For
example, the processor 270 can set a blind spot at a rear-side
of the vehicle 100 to a BSD zone. The BSD zone may
include part of the rear-side blind spot.

The sensing unit 210 may be provided to a region of the
vehicle 100. For example, the sensing unit 210 can be
provided to at least one of the side mirror, front door, rear
door, fender and rear bumper of the vehicle 100.

One or more sensing units 21 may be provided. For
example, at least one sensing unit 210 can be provided to
cach of the right and left sides of the vehicle 100.

The sensing unit 210 may include various devices capable
of sensing an object. For example, the sensing unit 210 can
include at least one of a camera, a radar, a lidar, an ultrasonic
sensor and an infrared sensor.

The camera can detect an object on the basis of an 1mage
acquired thereby. The camera may include an 1mage sensor
and an 1mage processor. In one embodiment, the camera
may be a stereo camera.

The 1mage processor can detect an object by processing,
image acquired by the camera. The 1mage processor can
track the detected object.

The 1mage processor can measure a distance to the object.
For example, the image processor can measure the distance
to the object using at least one of a pinhole, a motion vector,
disparity and object size vanation.

According to embodiment, the camera may provide image
data to the processor 270. In this case, the processor 270 can
perform 1mage processing.

The ultrasonic sensor can include an ultrasonic transmitter
and a receiver. The ultrasonic sensor can sense an object on
the basis of received ultrasonic waves obtained by retlecting
transmitted ultrasonic waves ofl of an object. The ultrasonic
sensor can measure a distance between the sensed object and
the vehicle 100. For example, when the sensing unit 210 1s
the ultrasonic sensor, the sensing unit 210 can provide data
about a distance between the vehicle and a sensed object to
the processor 270.

The communication unit 220 may exchange data with
other devices located 1nside or outside the vehicle 100. The
other devices may include a mobile terminal, a server and
another vehicle. The communication unit 220 may commu-
nicate with another vehicle. The communication unit 220
may receive information about at least one of the model,
position, speed, steering angle, turn signal lamp and travel
route of the other vehicle. The processor 270 may acquire at
least one of mformation about the model of the other
vehicle, position information of the other vehicle, speed
information of the other vehicle, steering information of the
other vehicle, turn signal lamp information of the other
vehicle and travel route information of the other vehicle
through the communication unit 220. The processor 270
may change a set BSD zone on the basis of the acquired
information.

The communication unit 220 may include at least one of
a V2X communication module, an optical communication
module, a position mformation module and a short-range
communication module.

The V2X communication module can perform wireless
communication with a server or another vehicle. The V2X
module can mmplement a vehicle-to-vehicle (V2V) or
vehicle-to-infrastructure (V2I) communication protocol.
The communication unit 220 can receirve mformation about
the other vehicle through the V2X communication module.
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The optical communication module may include a light
transmission unit and a light receiving umit. The light
receiving unit converts a light signal into an electrical signal
s0 as to receive iformation. The light receiving unit may
include a photodiode (PD) for receiving light. The photo-
diode converts light into an electrical signal. The light
receiving unit can receive mformation on another vehicle
through light emitted from the other vehicle.

The light transmission unit may convert an electrical
signal mto a light signal. The light transmission unit may
include at least one light-emitting element. The light-emat-
ting element may be an LED (Light Emitting Diode). The
light transmission unit can emit a light signal through
tflickering of the light-emitting element, which corresponds
to a predetermined frequency. The light transmission unit
may include a plurality of light-emitting element arrays. The
light transmission unit may be integrated with a lamp
provided to the vehicle 100. The light transmission unit can
be at least one of a headlight, a taillight, a brake light, a turn
signal lamp and a sidelight.

The position information module can acquire information
about the position of the vehicle 100. The position infor-
mation module may be a GPS (Global Positioning System)
module. The GPS module can locate the vehicle 100 on the
basis of a signal sent from a GPS satellite.

The short-range communication module can perform
short-range communication. The short-range communica-
tion module forms short-range wireless area networks. The
short-range communication module can perform wireless
communication with other vehicles through the short-range
wireless area networks. The short-range communication
module can exchange data with a mobile terminal. The
short-range communication module can receive weather
information and trailic information (e.g., transport protocol
experts group (ITPEG) mformation) from the mobile termi-
nal. The short-range communication module can perform
pairing with the mobile terminal automatically or according,
to execution of an application.

The short-range communication module may use at least
one of Bluetooth™, RFID (Radio Frequency Identification),
Infrared Data Association (IrDA), UWB (Ultra Wideband),
Z1gBee, NFC (Near Field Communication), Wi-Fi1, Wi-Fi
Direct and Wireless USB (Wireless Universal Serial Bus).

The communication unit 220 can be electrically con-
nected to the processor 270. The communication unit 220
can provide recerved information about another vehicle to
the processor 270.

The interface 250 can serve as a passage between the
driver assistance apparatus 200 and an external device. The
interface 250 can receive signals or information from the
external device or transmit signals or information provided
by the processor 270 to the external device. The interface
250 can perform data communication by being connected to
the vehicle driving unit 150, the controller 170 and the
communication unit 110.

The interface 250 may receive information about at least
one of the position, gear position, speed, steering angle, turn
signal lamp and travel route of the vehicle 100. The interface
250 may provide the information about at least one of the
position, gear position, speed, steering angle, turn signal
lamp and travel route of the vehicle 100 to the processor 270.
The processor 270 may acquire at least one of position
information of the vehicle 100, gear position information of
the vehicle 100, speed information of the vehicle 100,
steering information of the vehicle 100, turn signal infor-
mation of the vehicle 100 and travel route information of the
vehicle through the interface 250. The processor 270 can
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change a BSD zone on the basis of the acquired information.
In some implementations, the BSD zone can be predeter-
mined.

The interface 250 may receive sensing information from
the controller 170 or the sensing unit 125. The sensing
information 1s information related to the vehicle 100. The
sensing information may include at least one of position
information (GPS information), gear position information,
speed information, steering angle information, turn signal
light information, vehicle heading information, acceleration
information, vehicle inclination information, drive/reverse
information, battery information, fuel information, tire
information, lamp immformation, vehicle internal temperature
information, vehicle internal humidity information and
information about rainfall.

The sensing information may be acquired through a
position module that provides position information, a gear
position sensor, a speed sensor, a steering angle sensor, a
turn signal lamp sensor, a heading sensor, a yaw sensor, a
gyro sensor, a vehicle drive/reverse sensor, a wheel sensor,
a car body tilt sensor, a battery sensor, a fuel sensor, a tire
sensor, a steering sensor, a vehicle internal temperature
sensor, a vehicle internal humidity sensor and a rain sensor.
The position module may include a GPS module for receiv-
ing GPS information.

From among the sensing information, information about
the position, gear position, speed, steering angle and turn
signal lamp of the vehicle 100 may be referred to as vehicle
state information.

The interface 250 may receive mformation about a travel
route of the vehicle 100 through data communication with
the controller 170 or an additional navigation system. The
information about the travel route may include at least one
of information about a set destination, route information
according to the destination, map information related to the
travel route and current position information of the vehicle
100.

The interface 250 may provide a signal to the controller
170 or the vehicle driving unit 150. The signal may be a
control signal. The interface 250 may provide a signal for
controlling at least one of a steering apparatus, a brake
apparatus and a driving apparatus of the vehicle 100, which
1s provided by the processor 270, to the controller 170 or the
vehicle driving unit 150.

The output unit 260 outputs an alarm. The output unit 260
outputs an alarm corresponding to a signal provided by the
processor 270.

The output unit 260 may include at least one of an audio
output unit 261, an optical output unit 262, a haptic output
unit 263 and a display unit 264.

The audio output unit 261 outputs an audio alarm. The
audio output unit 261 may include a speaker.

The optical output unit 262 may output a light alarm. The
optical output unit 262 may include a light-emitting element.

The haptic output unit 263 outputs a vibrating alarm. The
haptic output unit 263 may be provided to the steering wheel
or the driver seat of the vehicle.

The display unit 264 displays alarm related information.
The display umit 264 may display vehicle information
received through the interface 250 or the communication
unit 220.

When the sensing unit 210 1s provided to the left and right
sides of the vehicle 100 and a BSD zone 1s formed at the left
and right sides of the vehicle 100, the audio output unit 261,
the optical output umt 262 and the haptic output unit 263
may be provided to the left and right sides of the vehicle 100,
corresponding to the sensing umt 210 or the BSD zone.
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For example, when an object sensed through the sensing
unit 210 1s located 1n the right BSD zone, the processor 270
can output an alarm through at least one of the audio output
unit 261, the optical output umt 262 and the haptic output
unit 263, which are provided to the right side of the vehicle.

The processor 270 may discriminate between alarms
respectively corresponding to a plurality of predetermined
BSD zones. The processor 270 may control the output unit
260 to output an alarm corresponding to a BSD zone 1n
which an object sensed through the sensing unit 210 1s
located.

The output unit 260 outputs an alarm of a nisk level
corresponding to a signal provided by the processor 270.

The risk level 1s set by the processor 270. The risk level
can indicate a level of danger to which the vehicle 100 1s
exposed. The risk level can be set to multiple levels.

The risk level may include a first level and a second level.
An Alarm output from the output unit 260 may include a first
level alarm corresponding to the first risk level and a second
level alarm corresponding to the second risk level.

For example, the optical output unit 262 can output light
as the first level alarm. The audio output unit 261 and the
haptic output unit 263 can output sound and vibration as the
second level alarm.

The risk level may depend on the type of the BSD zone.
The BSD zone may include a first BSD zone and a second
BSD zone. The second BSD zone may be smaller than the
first BSD zone. The second BSD zone may be closer to the
vehicle 100 than the first BSD zone. When an object 1s
sensed 1n the first BSD zone, the first level alarm may be
output. When an object 1s sensed 1n the second BSD zone,
the second level alarm may be output.

An alarm corresponding to each risk level may be set
through the input unit 230. For example, the first level alarm
can be set to vibration, output by the haptic output unit 263,
through the input unit 230. The second level alarm can be set
to sound, output by the audio output unit 261, through the
input unit 230. An alarm set through the mput unit 230 may
be stored 1n the memory 240.

The processor 270 can control overall operation of the
units of the driver assistance apparatus 200. The processor
270 can be electrically connected to the sensing unit 210, the
communication unit 220, the mput unit 230, the memory
240, the interface 250, the output unit 260 and the power
supply unit 290.

When the sensing unit 210 senses an object outside the
vehicle 100 and provides an object sensing signal to the
processor 270, the processor 270 determines whether the
object sensed by the sensing unit 210 has been sensed 1n a
BSD zone on the basis of the object sensing signal. Upon
determining that the object has been sensed in the BSD zone,
the processor 270 can provide a signal corresponding to
alarm. The output unit 260 can output an alarm correspond-
ing to the signal provided by the processor 270.

A BSD zone 1s a specific area that requires attention of the
driver. The processor 270 may set the specific area as a BSD
zone. For example, the processor 270 can set a rear-side
blind spot of the vehicle 100 as a BSD zone. The BSD zone
may include part of the rear-side blind spot of the vehicle
100.

The processor 270 may change a predetermined BSD
zone on the basis of acquired mmformation. The processor
270 may change the BSD zone on the basis of vehicle
information corresponding to the acquired information. The
processor 270 can provide a signal corresponding to an
alarm upon determining that an object 1s sensed by the
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sensing unit 210 1n the changed BSD zone. The output unit
260 can output an alarm corresponding to the signal pro-
vided by the processor 270.

Information acquired by the processor 270 may be called
vehicle information. The vehicle information may include at

least one of vehicle state information, vehicle state infor-

.

mation for another vehicle and driving environment infor-
mation.

The vehicle state information may include information
about at least one of the position, gear position, speed,
steering angle, turn signal and travel route of the vehicle
100. The vehicle state information may include at least one
of position mformation of the vehicle 100, gear position
information indicating a gear position of the vehicle 100,
speed 1information of the vehicle 100, steering information
indicating a steering angle of the vehicle 100, turn signal
information indicating a turn signal of the vehicle 100 and
travel route mformation of the vehicle 100.

The vehicle state mmformation for another vehicle may
include information about at least one of the model, position,
speed, steering angle, turn signal and travel route of another
vehicle. The vehicle state information for another vehicle
may 1nclude at least one of model information, position
information, speed mmformation, steering information, turn
signal information and travel route information of the other
vehicle.

The dnving environment information may include at least
one of traveling time information indicating whether the
vehicle 100 travels at night or in the daytime, road infor-
mation indicating the type of a road on which the vehicle
100 travels and information indicating whether traflic
around the vehicle 100 1s smooth or congested.

The processor 270 may determine accident possibility of
the vehicle 100 on the basis of the vehicle information. The
processor 270 can enlarge the BSD zone upon determining
that accident possibility of the vehicle 100 increases on the
basis of the vehicle information. The processor 270 can
advance alarm output time by enlarging the BSD zone such
that the driver can rapidly recognize a dangerous situation.
The processor 270 can reduce the BSD zone upon deter-
mining that accident possibility of the vehicle 100 decreases
on the basis of the vehicle information. The processor 270
can delay alarm output time.

The processor 270 may determine accident possibility of
the vehicle 100 1n a specific area on the basis of the vehicle
information. The processor 270 may extend the BSD zone
toward the specific area upon determining that accident
possibility of the vehicle 100 1n the specific area increases on
the basis of the vehicle information. For example, the
processor 270 can extend the BSD zone to the rear lett of the
vehicle 100 upon determining that accident possibility of the
vehicle 100 at the rear left of the vehicle 100 increases on the
basis of the vehicle information.

The processor 270 may set a reference BSD zone that 1s
a criterion for BSD zone change. The reference BSD zone
may be stored in the memory 240 as an 1nitial setting. The
processor 270 may change the BSD zone on the basis of the
reference BSD zone. For example, the processor 270 can
extend or reduce the BSD zone on the basis of the reference
BSD zone.

The processor 270 may change the reference BSD zone 1n
response to BSD zone setting input applied through the input
unit 230. When the reference BSD zone 1s changed accord-
ing to the BSD zone setting imnput applied through the mput
unit 230, the processor 270 may extend or reduce the BSD
zone on the basis of the changed BSD zone.
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The processor 270 may change the predetermined BSD
zone on the basis of acquired information and, when an
object sensed by the sensing unit 210 1s located in the
changed BSD zone, control the output unit 260 to output an
alarm.

The processor 270 may acquire at least one of traveling
time information, road information and tratlic situation
information and change the predetermined BSD zone on the
basis of the acquired information.

The information acquired by the processor 270 may
include at least one of traveling time imnformation indicating
whether the vehicle 100 travels at night or in the daytime,
road information indicating the type of a road on which the
vehicle 100 travels and ftraflic information 1indicating
whether tratlic around the vehicle 100 smooth or congested.

The processor 270 can determine whether the vehicle 100
travels at night or 1n the daytime on the basis of the traveling
time information. The traveling time information may be
information indicating the current time. For example, the
processor 270 can determine the traveling time of the
vehicle 100 as daytime when the current time 1s before a first
reference time and determine the traveling time as night
when the current time 1s after a second reference time. The
first reference time may be the same as the second reference
time or may be belfore the second reference time. For
example, when the first reference time 1s 5 p.m. and the
second reference time 1s 7 p.m., the processor 270 can
determine the traveling time as daytime when the current
time 1s before 5 p.m. and determine the traveling time as
night when the current time 1s after 7 p.m. The first reference
time and the second reference time may be set by a user.

The processor 270 may reduce the BSD zone when the
traveling time 1s daytime and extend the BSD zone when the
traveling time 1s night.

When the traveling time of the vehicle 100 1s daytime, the
processor 270 may determine that accident possibility of the
vehicle 100 decreases since surroundings of the vehicle 100
are bright. When the traveling time of the vehicle 100 1s
night, the processor 270 may determine that surroundings of
the vehicle 100 are dark and thus driver’s view becomes
narrow and accident possibility of the vehicle 100 increases.

When the traveling time of the vehicle 100 1s daytime, the
processor 270 may reduce the BSD zone upon determining
that accident possibility of the vehicle 100 decreases. When
the traveling time of the vehicle 100 1s mght, the processor
270 may extend the BSD zone upon determining that
accident possibility of the vehicle 100 increases.

The processor 270 may determine whether the road on
which the vehicle 100 travels 1s one of an expressway, a
bottleneck, a ramp, a curve, a mountain road and a con-
struction section on the basis of the road information. The
road information may be one of navigation mformation, a
camera 1image and traflic information. When the road infor-
mation 1s navigation information, the processor 270 may
determine the type of the road on which the vehicle 100
travels through the navigation information. When the road
information 1s a camera 1image, the camera 1mage may be an
image of surroundings of the vehicle 100. The processor 270
may determine the type of the road on which the vehicle 100
travels by analyzing the image of surroundings of the
vehicle 100. When the road information 1s traflic informa-
tion, the tratlic information may be recerved from a specific
server, which provides trailic information, through the com-
munication unit 220. The tratlic information includes the
type of the road on which the vehicle 100 travels, deter-
mined on the basis of position information of the vehicle

100.
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The processor 270 may extend the BSD zone when the
road 1s an expressway.

When the road on which vehicle 100 travels 1s an express-
way, the processor 270 can determine that accident possi-
bility of the vehicle 100 increases since speeds of the vehicle
100 and other vehicles are high. In this case, the processor
270 can extend the BSD zone upon determining that acci-
dent possibility of the vehicle 100 increases.

When the road on which the vehicle 100 travels corre-
sponds to a bottleneck section, the processor 270 can reduce
the BSD zone.

In this case, the processor 270 can determine that accident
possibility of the vehicle 100 decreases since speeds the
vehicle 100 and other vehicles are low. Accordingly, the
processor 270 can reduce the BSD zone upon determining
that accident possibility of the vehicle 100 decreases.

When the road on which vehicle 100 travels 1s a ramp, the
processor 270 can extend the BSD zone to a junction. The
ramp refers to a road section connected to another road.

When the vehicle 100 travels on a ramp, the processor 270
may determine that accident possibility of the vehicle 100
increases since another vehicle approaches the vehicle 100
at a junction. In this case, the processor 270 can extend the
BSD zone to the junction.

The processor 270 may determine whether traflic around
the vehicle 100 1s smooth or congested on the basis of traflic
information. The trathic information may be one of naviga-
tion information, a camera image and road trathc informa-
tion. When the traflic information 1s navigation information,
the processor 270 may use information about a level of
traflic congestion of the road on which the vehicle 100
travels, which 1s included 1n the navigation information, to
determine traflic around the vehicle 100 to be congested
when the traflic congestion level exceeds a predetermined
value and to determine trailic around the vehicle 100 to be
smooth when the traflic congestion level 1s less than the
predetermined value. When the trafl

ic information 1s a
camera image, the camera image may be an image of
surroundings of the vehicle 100. The processor 270 may
analyze the 1mage of surroundings of the vehicle 100, detect
the number of vehicles on the road on which the vehicle 100
travels, calculate the number of vehicles detected per unit
areca and determine that traflic state 1s congested when the
calculated value exceeds a predetermined value.
When the trailic information 1s road trafli

1c 1nformation,
the road traflic information may be received from a specific
server, which provides road traflic information, through the
communication unit 220. The road ftraflic information
includes information indicating whether traflic around the
vehicle 100 1s smooth or congested on the basis of the
position mformation of the vehicle 100.

The processor 270 may extend the BSD zone 1n the case
of light traflic and reduce the BSD zone in the case of
congested traflic.

When traflic around the vehicle 100 1s smooth, the pro-
cessor 270 may determine that accident possibility of the
vehicle 100 increases since the vehicle 100 and other
vehicles are traveling at high speed. In this case, the pro-
cessor 270 can extend the BSD zone upon determining that
accident possibility of the vehicle 100 increases.

When trailic around the vehicle 100 1s congested, the
processor 270 may determine that accident possibility of the
vehicle 100 decreases since the vehicle 100 and other
vehicles are traveling at low speed. In this case, the proces-
sor 270 can reduce the BSD zone upon determining that
accident possibility of the vehicle 100 decreases.
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When the road on which the vehicle 100 travels 1s an
expressway and traflic around the vehicle 1090 1s congested,
the processor 270 may reduce the BSD zone.

When traflic around the vehicle 100 1s congested, even 11
the vehicle 100 travels on an expressway, the processor 270
can determine that accident possibility of the vehicle 100
decreases since the vehicle 100 and other vehicles are
traveling at low speed. In this case, the processor 270 can
reduce the BSD zone.

When the vehicle 100 travels at night and traflic around
the vehicle 100 1s congested, the processor 270 may reduce
the BSD zone.

When tratlic around the vehicle 100 1s congested even 1t
the vehicle 100 travels at might, the processor 270 can
determine that accident possibility of the wvehicle 100
decreases since the vehicle 100 and other vehicles traveling
at low speed. In this case, the processor 270 can reduce the
BSD zone.

The vehicle information may include information about at
least one of the position, gear position, speed, steering angle,
turn signal and travel route of the vehicle 100.

The processor 270 may change the BSD zone on the basis
of the information about at least one of the position, gear
position, speed, steering angle, turn signal and travel route
of the vehicle 100, which are recerved through the interface
250.

When the gear position of the vehicle 100 1s R, the
processor 270 can reduce the BSD zone. For example, when
the vehicle 100 1s reversed for parking, an object close to the
vehicle 100 becomes a problem. Accordingly, the processor
270 reduces the BSD zone so as to output an alarm regarding
the object close to the vehicle 100.

The processor 270 may extend the BSD zone when the
speed of the vehicle 100 increases. The processor 270 may
reduce the BSD zone when the speed of the vehicle 100
decreases. When the speed of the vehicle 100 increases, an
object around the vehicle 100 needs to be rapidly sensed
such that the driver of the vehicle 100 can handle the object
beforehand. The processor 270 extends the BSD zone such
that the object around the vehicle 100 1s rapidly sensed when
the speed of the vehicle 100 increases.

When the speed of the vehicle 100 decreases, the proces-
sor 270 can reduce the BSD zone since an object around the
vehicle 100 may be slowly sensed.

For example, when the speed of the vehicle 100 1s higher
nan a predetermined speed, the processor 270 can extend
ne BSD zone. When the speed of the vehicle 100 1s lower
nan the predetermined speed, the processor 270 can reduce
ne BSD zone. The predetermined speed may be determined
hrough experimentation and stored in the memory 240.

For example, the processor 270 can adjust BSD zone
variation in response to a diflerence between the speed of the
vehicle 100 and the predetermined speed. For example,
when the speed of the vehicle 100 1s higher than the
predetermined speed and the difference between the speed of
the vehicle 100 and the predetermined speed 1s large, the
processor 270 can extend the BSD zone.

The processor 270 may determine whether the vehicle 1s
expected to change lanes on the basis of at least one of
steering information, turn signal information and travel
route information of the vehicle and extend the BSD zone in
a direction 1n which the vehicle travels on the basis of the
determination that the vehicle 1s expected to change the lane.

The processor 270 may extend the BSD zone 1n a direc-
tion corresponding to a steering angle or turn signal of the
vehicle 100. The processor 270 may determine whether the
vehicle 100 has changed lanes on the basis of the steering
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angle or turn signal of the vehicle 100. The processor 270
may extend the BSD zone 1n a direction of a lane to which
the vehicle 100 moves upon determining that the vehicle 100
1s changing lanes.

For example, when a predetermined time elapses while
the steering angle exceeds a predetermined angle, the pro-
cessor 270 determines that the vehicle 100 will change lanes
and extends the BSD zone in a direction corresponding to
the steering angle of the vehicle 100. The predetermined
angle and the predetermined time may be determined
through experimentation and stored in the memory.

For example, when the predetermined time elapses while
a turn signal of the vehicle 100 1s turned on, the processor
270 extends the BSD zone 1n a direction corresponding to
the turn signal of the vehicle 100 upon determining that the
vehicle 100 will change lanes. The predetermined time may
be determined through experimentation and stored in the
memory.

When the vehicle 100 1s expected to change lanes on the
basis of travel route information, the processor 270 can
extend the BSD zone to a lane to which the vehicle 100 will
move. The processor 270 may determine lane change pos-
sibility of the vehicle 100 on the basis of information about
the travel route of the vehicle 100, received through the
interface 2350. For example, when the travel route of the
vehicle 100 1s a right turn 200 ahead of the vehicle 100 and
the vehicle 100 travels 1n the first lane, the processor 100 can
determine that there 1s lane change possibility of the vehicle
100. In this case, the processor 270 can extend the BSD zone
to a lane to which the vehicle 100 will move.

The vehicle information may further include information
about at least one of the model, position, speed, steering
angle, turn signal and travel route of another vehicle.

The communication unit 220 receives information about
at least one of the model, position, speed, steering angle, turn
signal and travel route of another vehicle around the vehicle
100, from the other vehicle. The communication unit 220
provides the received imnformation to the processor 270.

The processor 270 can change the BSD zone on the basis
of the information about at least one of the model, position,
speed, steering angle, turn signal and travel route of the other
vehicle, received through the communication unit 220.

When the other vehicle 1s a large vehicle, the processor
270 can extend the BSD zone to the other vehicle.

The processor may receive mformation about the model
of the other vehicle traveling around the vehicle 100 through
the communication unit 220.

Upon determiming that the model of the other vehicle 1s a
large vehicle on the basis of the received information, the
processor 270 may extend the BSD zone to the large vehicle.

When a large vehicle travels around the vehicle 100, the
processor 270 extends the BSD zone to the large vehicle
such that the driver of the vehicle 100 recognizes the large
vehicle.

The processor 270 extends the BSD zone to the other
vehicle on the basis of the position information of the other
vehicle, received through the communication unit 220.

When the other vehicle approaches the vehicle 100 for a
predetermined time or longer, the processor 270 can extend
the BSD zone to the other vehicle.

The processor 270 may receive mformation about the
position of the other vehicle traveling around the vehicle 100
through the communication unit 220. The information may
be GPS information.

The processor 270 can determine a distance between the
vehicle 100 and the other vehicle on the basis of the position
information of the vehicle 100, recerved through the inter-
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tace 250, and the position information of the other vehicle,
received through the communication unit 220. The proces-
sor 270 can determine that the other vehicle approaches the
vehicle 100 when the distance between the vehicle 100 and
the other vehicle decreases for a predetermined time or
longer. The predetermined time may be determined through
experimentation and stored in the memory 240.

Upon determiming that the other vehicle approaches the
vehicle 100, the processor 270 can extend the BSD zone to
the other vehicle. Accordingly, the driver of the vehicle 100
can recognize the other vehicle approaching the vehicle 100.

The processor 270 may extend the BSD zone to the other
vehicle when the speed of the other vehicle 1s higher than the
speed of the vehicle 100.

The processor 270 may receive information about the
speed of the other vehicle traveling around the vehicle 100
through the communication unit 220.

The processor 270 may compare the speed information of
the vehicle 100, recerved through the interface 250, with the
speed of the other vehicle, received through the communi-
cation unit 220, and extend the BSD zone to the other
vehicle when the speed of the other vehicle 1s higher than the
speed of the vehicle 100.

When the speed of the other vehicle 1s higher than the
speed of the vehicle 100, the processor 270 extends the BSD
zone to the other vehicle such that the driver of the vehicle
100 can recognize the other vehicle.

When the steering angle or turn signal of the other vehicle
1s directed to the direction in which the vehicle 100 1s
present, the processor 270 may extend the BSD zone to the
other vehicle.

The processor 270 may receive information about the
steering angle or turn signal of the other vehicle traveling
around the vehicle 100, through the communication unit
220. The processor 270 may determine whether the vehicle
moves toward the vehicle 100 on the basis of the information
about the steering angle or turn signal of the other vehicle.
The processor 270 extends the BSD zone to the other vehicle
upon determining that the other vehicle moves to the vehicle
100.

When the steering angle of the other vehicle corresponds
to the direction in which vehicle 100 1s present for a
predetermined time or longer, the processor 270 may extend
the BSD zone to the other vehicle.

When a turn signal of the other vehicle, which points in
the direction 1n which the vehicle 100 is present, 1s turned on
for a predetermined time, the processor 270 may extend the
BSD zone to the other vehicle.

The processor 270 extends the BSD zone to the other
vehicle such that the driver of the vehicle 100 can recognize
the other vehicle approaching the vehicle 100.

The processor 270 may extend the BSD zone to the other
vehicle upon determining that the other vehicle approaches
the vehicle 100 on the basis of information about the travel
route of the other vehicle.

The processor 270 may receive information about the
travel route of the other vehicle traveling around the vehicle
100, through the communication unit 220. The processor
270 may determine whether the other vehicle approaches the
vehicle 100 on the basis of the information about the travel
route of the other vehicle.

The processor 270 may determine whether the other
vehicle approaches the vehicle 100 on the basis of the
information about the position and travel route of the vehicle
100, recerved through the interface 250, and the information
about the position and travel route of the other vehicle,
received through the commumnication unit 220.
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The processor may extend the BSD zone to the other
vehicle upon determining that the other vehicle approaches
the vehicle 100.

The processor 270 may set a plurality of BSD zones. For
example, the processor 270 can set four BSD zones. The
plurality of BSD zones may include an overlap zone. The
plurality of BSD zones may not include an overlap zone.

The processor 270 may individually change the BSD
zones on the basis of the vehicle information. For example,
upon determining that a large vehicle approaches the vehicle
100 on the basis of the vehicle information, the processor
270 can extend a BSD zone present in the direction of the
large vehicle on the basis of the vehicle 100, from among the
plurality of BSD zones. For example, upon determining that
the vehicle 100 moves to the right lane on the basis of the
vehicle information, the processor 270 can extend a BSD
zone at the right side of the vehicle 100 while reducing a
BSD zone at the left side of the vehicle 100, from among the
plurality of BSD zones.

The processor 270 may set a left BSD zone and a right
BSD zone. BSD zones may include a left BSD zone and a
right BSD zone of the vehicle 100. The left BSD zone 1s
present at the left side of the vehicle 100. The right BSD
zone 1s present at the right side of the vehicle 100. For
example, the sensing unit 210 provided to the left side of the
vehicle 100 can sense an object located 1n the left BSD zone.
For example, the sensing unit 210 provided to the right side
of the vehicle 100 can sense an object located 1n the right
BSD zone.

The processor 270 may determine accident possibility of
the vehicle 100 at the leit and right sides of the vehicle 100
on the basis of the vehicle information. The processor 270
may extend a BSD zone at the left or right side of the vehicle
100, in which accident possibility of the vehicle 100 1s
determined to increase, on the basis of the vehicle informa-
tion. For example, the processor 270 can extend the left BSD
zone upon determining that accident possibility of the
vehicle 100 increases at the rear-left of the vehicle 100 on
the basis of the vehicle information.

The processor 270 may determine lane change of the
vehicle on the basis of at least one of steering information of
the vehicle, turn signal information of the vehicle and travel
route information of the vehicle and extend the left or right
BSD zone, which corresponds to a lane to which the vehicle
will move.

The processor 270 may extend the left or right BSD zone,
which corresponds to the steering angle or turn signal of the
vehicle 100.

The processor 270 may extend the left or right BSD zone,
which 1s present 1n a direction corresponding to the steering,
angle of the vehicle 100. The processor 270 may extend the
left or right BSD zone, which 1s present in a direction
corresponding to a turn signal of the vehicle 100.

Since the steering angle or turn signal of the vehicle 100
can correspond to a direction in which the vehicle 100
travels, the processor 270 can extend a BSD zone present in
the direction corresponding to the steering angle or turn
signal of the vehicle 100.

When lane change of the vehicle 100 1s expected, the
processor 270 may extend the left or right BSD zone, which

corresponds to a lane to which the vehicle 100 will move.
The vehicle information may include information about at
least one of the steering angle, turn signal and travel route

of the vehicle 100.
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The processor 270 may determine lane change possibility
of the vehicle 100 on the basis of the information about at
least one of the steering angle, turn signal and travel route
of the vehicle 100.

For example, when the steering angle of the vehicle 100
exceeds a predetermined angle for a predetermined time or
longer, the processor 270 can determine that the vehicle 100
will change lanes.

If a turn signal of the vehicle 100 1s turned on for a
predetermined time, the processor 270 can determine that
the vehicle 100 will change lanes. The processor 270 may
determine lane change possibility of the vehicle 100 on the
basis of information about a travel route to a destination of
the vehicle 100.

Upon determining that the vehicle 100 1s changing lanes
on the basis of the vehicle information, the processor 270
may extend the left or right BSD zone, which corresponds
to a lane to which the vehicle 100 will move.

Upon determining that another vehicle approaches the
vehicle 100 on the basis of the vehicle information, the
processor 270 may extend the left or right BSD zone in
which the other vehicle 1s located.

The processor 270 may recerve information about at least
one of the model, position, speed, steering angle, turn signal
and travel route of the other vehicle, through the commu-
nication unit 220. The processor 270 may determine whether
the other vehicle approaches the vehicle 100 on the basis of
the information about the other vehicle, recetved through the
communication unit 220. The processor 270 may determine
whether the other vehicle approaches the vehicle 100 by
analyzing information about the position, speed, steering
angle, turn signal and travel route of the other vehicle.

Upon determiming that the other vehicle approaches the
vehicle 100, the processor 270 may extend the left or right
BSD zone, in which the other vehicle 1s located.

Upon determining that the road on which the vehicle 100
travels 1s a ramp, the processor 270 may extend the left or
right BSD zone which includes a junction connected to the
ramp.

When the vehicle 100 travels on a ramp, the processor 270
may determine that accident possibility of the vehicle 100 at
a junction increases since another vehicle may approach the
vehicle 100 at the junction. In this case, the processor 270
may extend the left or right BSD zone 1n which the junction
1s located.

When the road on which the vehicle 100 travels corre-
sponds to a bottleneck and lane change of the vehicle 100 1s
expected on the basis of the vehicle imnformation, the pro-
cessor 270 may extend the left or right BSD zone 1n which
a lane to which the vehicle 100 will move 1s located.

The processor 270 may determine whether the road on
which the vehicle 100 travels corresponds to a bottleneck on
the basis of the road information included in the vehicle
information. The processor 270 may determine lane change
possibility of the vehicle 100 on the basis of the vehicle state
information included 1n the vehicle information.

When the road on which the vehicle 100 travels corre-
sponds to a bottleneck, the processor 270 may extend the left
or right BSD zone 1n which a lane to which the vehicle 100
will move 1s located upon determining that there i1s lane
change possibility of the vehicle 100 on the basis of infor-
mation about at least one of the steering angle, turn signal
and travel route of the vehicle 100.

When a plurality of BSD zones i1s set, the processor 270
may respectively set risk levels of the BSD zones on the
basis of the vehicle information. The processor 270 may
provide signals respectively corresponding to the risk levels.
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For example, when three BSD zones are set, the processor
270 can sequentially set risk levels of the three BSD zones
starting from the BSD zone closest to the vehicle 100.

The processor 270 may set a first BSD zone and a second
BSD zone smaller than the first BSD zone. The BSD zone
may 1nclude the first and second BSD zones. For example,
the second BSD zone can include part of the first BSD zone.
The first BSD zone may include the second BSD zone. The
second BSD zone may be closer to the vehicle 100 than the
first BSD zone.

The processor 270 may provide a first signal correspond-
ing to the first level alarm when an object 1s sensed 1n the
first BSD zone. The processor 270 may provide a second
signal corresponding to the second level alarm when an
object 1s sensed 1n the second BSD zone.

The output unit 260 may output the first level alarm
corresponding to the first signal provided by the processor
2770. The output unit 260 may output the second level alarm
corresponding to the second signal provided by the proces-
sor 270. For example, the second level alarm can indicate a
more dangerous situation than the first level alarm.

When the second BSD zone 1s closer to the vehicle 100
than the first BSD zone, the processor 270 outputs the first
level alarm through the output unit 260 when an object 1s
sensed 1n the first BSD zone. When an object 1s sensed 1n the
second BSD zone after output of the first level alarm, the
processor 270 outputs the second level alarm through the
output 260 upon determining that the object approaches the
vehicle 100. The second level alarm may indicate more
dangerous situation than the first level alarm.

In one embodiment, the processor 270 may change the
second BSD zone on the basis of the vehicle information.
The processor 270 may extend the second BSD zone upon
determining that accident possibility of the vehicle 100
increases on the basis of the vehicle information. The
processor 270 may advance second level alarm output time
by extending the second BSD zone such that the driver can
rapidly recognize a dangerous situation. The processor 270
may reduce the second BSD zone upon determining that
accident possibility of the vehicle 100 decreases on the basis
of the vehicle information. The processor 270 may delay
second level alarm output time by reducing the second BSD
Zone.

The processor 270 may determine whether the vehicle
100 travels at night or in the daytime on the basis of the
traveling time information. The processor 270 may reduce
the second BSD zone when the traveling time of the vehicle
100 1s daytime. The processor may extend the second BSD
zone when the traveling time 1s mght.

When the traveling time of the vehicle 100 1s daytime, the
processor 270 may reduce the second BSD zone upon
determining that accident possibility of the vehicle 100
decreases. When the traveling time of the vehicle 100 1s
night, the processor 270 may extend the second BSD zone
upon determining that accident possibility of the vehicle 100
1ncreases.

The processor 270 may determine whether the road on
which the vehicle 100 travels corresponds to one of an
expressway, a bottleneck, a ramp, a curve, a mountain road
and a construction section on the basis of the road informa-
tion.

When the road corresponds to an expressway or a curve,
the processor 270 may extend the second BSD zone.

When the road on which the vehicle 100 travels corre-
sponds to an expressway, the processor 270 may extend the
second BSD zone upon determining that accident possibility
of the vehicle 100 increases. When the road on which the
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vehicle 100 travels corresponds to a curve, the processor 270
may extend the second BSD zone upon determining that
accident possibility of the vehicle 100 increases.

When the road corresponds to a bottleneck, the processor
270 may reduce the second BSD zone.

When the vehicle 100 travels 1n a bottleneck section, the
processor 270 may reduce the second BSD zone upon
determining that accident possibility of the vehicle 100
decreases since speeds of the vehicle and other vehicles
decrease in the bottleneck section.

When the road corresponds to a ramp, the processor 270
may extend the second BSD zone to a junction.

When the vehicle 100 travels on a ramp, the processor 270
may extend the second BSD zone to a junction upon
determining that accident possibility of the vehicle 100 at
the junction 1ncreases since another vehicle may approach
the vehicle 100 at the junction.

The processor 270 may extend the second BSD zone
when traflic 1s smooth and reduce the second BSD zone
when traflic 1s congested.

When traflic around the vehicle 100 1s smooth, the vehicle

100 and other vehicles travel at higher speed, and thus the
processor 270 may extend the second BSD zone upon
determining that accident possibility of the vehicle 100
Increases.

When traflic around the vehicle 100 1s congested, the
vehicle 100 and other vehicles travel at lower speed, and
thus the processor 270 may reduce the second BSD zone
upon determining that accident possibility of the vehicle 100
decreases.

When traflic around the vehicle 100 1s congested, even 1t
the vehicle 100 travels on an expressway, the processor 270
may determine that accident possibility of the vehicle 100
decreases since the vehicle 100 and other vehicles travel at
lower speed. Accordingly, the processor 270 can reduce the
second BSD zone.

When traflic around the vehicle 100 i1s congested even 1t
the vehicle 100 travels at night, the processor 270 may
determine that accident possibility of the vehicle 100
decreases since the vehicle 100 and other vehicles travel at
lower speed. Accordingly, the processor 270 can reduce the
second BSD zone.

The processor 270 may extend the second BSD zone
when the gear position of the vehicle 100 1s R. The processor
270 may determine whether the gear position of the vehicle
100 1s R on the basis of the vehicle information.

For example, when the vehicle 100 1s reversed, the
processor 270 can extend the second BSD zone since
possibility of collision with an object increases. The pro-
cessor 270 may advance second level alarm output time by
extending the second BSD zone. Conversely, the processor
270 may reduce the second BSD zone when the gear
position of the vehicle 100 1s R.

The processor 270 may extend the second BSD zone
when the speed of the vehicle 100 increases and reduce the
second BSD zone when the speed of the vehicle 100
decreases. The processor 270 may determine whether the
speed of the vehicle 100 increases or decreases.

When the speed of the vehicle 100 increases, accident
possibility of the vehicle 100 may increase. In this case, the
processor 270 advances second level alarm output time by
extending the second BSD zone.

When the speed of the vehicle 100 decreases, accident
possibility of the vehicle 100 decreases. Accordingly, the
processor 270 can reduce the second BSD zone.

The processor 270 may extend the second BSD zone
when the speed of the vehicle 100 exceeds a predetermined
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speed and reduce the second BSD zone when the speed of
the vehicle 100 1s lower than the predetermined speed. The
predetermined speed may be determined through experi-
mentation and stored 1n the memory 240.

The processor may adjust variation of the second BSD
zone 1n response to a diflerence between the speed of the
vehicle 100 and the predetermined speed. For example, the
processor 270 can extend the second BSD zone when the
speed of the vehicle 100 exceeds the predetermined speed
and the difference between the speed of the vehicle 100 and
the predetermined speed 1s large.

The processor 270 may extend the second BSD zone 1n a
direction corresponding to the steering angle or turn signal
of the vehicle 100. The processor 270 may determine the
direction corresponding to the steering angle or turn signal
of the vehicle 100 on the basis of the vehicle information.
The processor 270 may determine that the vehicle 100
changing lanes to a lane corresponding to the steering angle
or turn signal of the vehicle 100.

When the steering angle of the vehicle 100 exceeds a
predetermined angle for a predetermined time or longer, the
processor 270 determines that the vehicle 100 will change
lanes and extends the second BSD zone a direction corre-
sponding to the steering angle of the vehicle 100. The
predetermined angle and the predetermined time may be
determined through experimentation and stored i1n the
memory.

When a turn signal of the vehicle 100 1s turned on for a
predetermined time or longer, the processor 270 determines
that the vehicle 100 will change lanes and extends the
second BSD zone 1n a direction corresponding to the turn
signal. The predetermined time may be determined through
experimentation and stored in the memory.

The processor 270 may extend the second BSD zone to a
lane to which the vehicle 100 will move when lane change
of the vehicle 100 1s expected on the basis of information
about the travel route.

When the vehicle 100 changes lanes, the driver needs to
pay attention to a lane to be changed to. Accordingly, the
processor 270 can extend the second BSD zone to a lane to
which the vehicle 100 will move.

The processor 270 may determine lane change possibility
of the vehicle 100 on the basis of information about the
travel route of the vehicle 100, received through the inter-
face 250. For example, when the travel route of the vehicle
corresponds to a left turn 300 ahead of the vehicle 100 and
the current lane of the vehicle 100 1s not the first lane, the
processor 270 can determine that there is lane change
possibility of the vehicle 100. The processor 270 can extend
the second BSD zone 1n a direction corresponding to a lane
to which the vehicle 100 will move upon determiming that
there 1s lane change possibility of the vehicle 100.

The processor 270 may provide the first signal corre-
sponding to the first level alarm upon determining that the
vehicle 100 does not change lanes and sensing of an object
in the second BSD zone on the basis of the vehicle infor-
mation. The vehicle information may include information
about at least one of the steering angle, turn signal and travel
route of the vehicle 100.

The processor 270 may determine that the vehicle 100
does not change lanes on the basis of the information about
at least one of the steering angle, turn signal and travel route
of the vehicle 100. For example, when the steering wheel of
the vehicle 100 does not rotate, a turn signal 1s not turned on,
or the vehicle 100 travels straight, the processor 270 can
determine that the vehicle 100 1s not changing lanes.
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Upon determining that the vehicle 100 1s not changing
lanes, the processor 270 may provide the first signal corre-
sponding to the first level alarm upon sensing an object 1n
the second BSD zone. The output unit 260 outputs the first
level alarm corresponding to the first signal provided by the
processor 270.

When the vehicle 100 1s not changing lanes, a level of
danger of an object present at a rear-side of the vehicle 100
1s low. Accordingly, the processor 270 can output the first
level alarm through the output unit 260 even when an object
1s sensed 1n the second BSD zone.

The processor 270 may calculate a distance between the
vehicle 100 and a sensed object on the basis of an object
sensing signal provided by the sensing unit 210. In another
embodiment of the present invention, when the sensing unit
210 1s a device capable of measuring the distance between
the vehicle 100 and the sensed object, the sensing unit 210
can provide data about the distance between the vehicle 100
and the sensed object to the processor 270.

When the distance between the vehicle 100 and the sensed
object increases for a predetermined time or longer and the
object 1s sensed 1n the second BSD zone, the processor 270
may provide the first signal. The output unit 260 may output
the first level alarm corresponding to the first signal pro-
vided by the processor 270.

The processor 270 determines whether the distance
between the vehicle 100 and the sensed object increases for
the predetermined time or longer. The predetermined time
may be determined through experimentation and stored in
the memory.

Upon determining that the distance between the vehicle
100 and the sensed object increases for the predetermined
time or longer, the processor 270 provides the first signal
when the object 1s sensed in the second BSD zone. The
output unit 260 outputs the first level alarm corresponding to
the first signal provided by the processor 270.

When the distance between the vehicle 100 and the object
located 1n the second BSD zone increases, accident possi-
bility 1s low. Accordingly, the processor 270 can output the
first level alarm through the output unit 260 even when the
object 1s sensed 1n the second BSD zone.

The processor 270 may set the first BSD zone and the
second BSD zone that 1s smaller than the first BSD zone.
The processor 270 may provide the first signal correspond-
ing to the first level alarm when an object 1s sensed 1n the
first BSD zone and provide the second signal corresponding
to the second level alarm when an object 1s sensed in the
second BSD zone.

When another vehicle traveling around the vehicle 100 1s
a large vehicle, the processor 270 may extend the second
BSD zone to the other vehicle.

The processor 270 may receive information about the
model of the other vehicle traveling around the vehicle 100
through the communication unit 220. Upon determining that
the other vehicle 1s a large vehicle on the basis of the
received information, the processor 270 may extend the
second BSD zone to the large vehicle.

When the large vehicle traveling around the vehicle 100
1s located 1n the second BSD zone, the processor 270 outputs
the second level alarm through the output unit 260. Accord-
ingly, the driver of the vehicle 100 can clearly recognize the
large vehicle.

The processor 270 extends the second BSD zone to the
other vehicle on the basis of position information of the
other vehicle, received through the communication unit 220.
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The processor 270 may extend the second BSD zone to
the other vehicle when the other vehicle approaches the
vehicle 100 for a predetermined time or longer.

The processor 270 may receive information about loca-
tion of the other vehicle traveling around the vehicle 100
through the communication unit 220. The processor 270
may determine a distance between the vehicle 100 and the
other vehicle on the basis of the position information of the

vehicle 100, received through the interface 2350, and the

position mmformation of the other vehicle, recerved through
the communication unit 220. The processor 270 may deter-
mine that the other vehicle approaches the vehicle 100 when
the distance between the vehicle 100 and the other vehicle
decreases for a predetermined time or longer.

The processor 270 may extend the second BSD zone to
the other vehicle upon determining that the other vehicle
approaches the vehicle since accident risk 1s high.

The processor 270 may extend the second BSD zone to
the other vehicle when the speed of the other vehicle 1s
higher than the speed of the vehicle 100.

The processor 270 may receive mformation about the
speed of the other vehicle traveling around the vehicle 100
through the communication unit 220. The processor 270
may compare nformation about the speed of the vehicle
100, received through the interface 250, with information
about the speed of the other vehicle, received through the
communication unit 220, and extend the second BSD zone
to the other vehicle when the other vehicle 1s traveling faster
than the vehicle 100.

When the other vehicle 1s traveling faster than the vehicle
100, accident risk 1s high, and thus the processor 270 extends
the second BSD zone to the other vehicle.

The processor 270 may extend the second BSD zone to
the other vehicle when the steering angle or turn signal of the
other vehicle points 1n the direction in which the vehicle 100
travels.

The processor 270 may receive mformation about the
steering angle or turn signal of the other vehicle traveling
around the vehicle 100 through the communication unit 220.
The processor 270 may determine whether the other vehicle
1s moving toward the vehicle 100 on the basis of the
information about the steering angle or turn signal of the
other vehicle.

The processor 270 may extend the second BSD zone to
the other vehicle when the steering angle of the other vehicle
corresponds to the direction in which the vehicle 100 travels.
The processor 270 may extend the second BSD zone to the
other vehicle when a turn signal of the other vehicle, which
corresponds to the direction 1n which the vehicle 100 travels,
1s turned on for a predetermined time or longer.

The processor 270 may extend the second BSD zone to
the other vehicle upon determining that the other vehicle
approaches the vehicle 100 on the basis of information on
the travel route of the other vehicle.

The processor 270 may receive information about the
travel route of the other vehicle traveling around the vehicle
100 through the communication unit 220. The processor 270
may determine that the other vehicle approaches the vehicle
100 when the vehicle 100 1s located on the travel route of the
other vehicle and the other vehicle 1s not currently located on
the travel route thereol.

The processor 270 may extend the second BSD zone to
the other vehicle upon determining that the other vehicle 1s
approaching the vehicle 100.

The processor 270 may provide the second signal corre-
sponding to the second level alarm upon determining that
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the other vehicle approaches the vehicle 100 within a
predetermined distance during lane change of the vehicle
100.

The processor 270 may determine movement of the other
vehicle and a distance between the other vehicle and the
vehicle 100 during lane change of the vehicle 100 on the
basis of information related to the vehicle 100, received
through the interface 250, and information related to the
other vehicle, received through the communication unit 220.
Accordingly, the processor 270 may determine whether the
other vehicle approaches the vehicle 100 within the prede-
termined distance during lane change of the vehicle 100. The
predetermined distance 1s a distance requiring alarm with
respect to the other vehicle and may be determined through
experimentation and stored in the memory 240.

The processor 270 may provide the second signal upon
determining that the other vehicle approaches the vehicle
100 within the predetermined distance during lane change of
the vehicle 100. The output unit 260 outputs the second level
alarm corresponding to the second signal.

The processor 270 may provide the second signal upon
determining that the other vehicle approaches the vehicle
100 within the predetermined distance during lane change of
the vehicle 100 even when an object 1s not sensed in the
second BSD zone.

Upon determining that the other vehicle collides with the
vehicle 100 on the basis of the vehicle information, the
processor 270 may provide a signal for controlling at least
one of the steering apparatus, brake apparatus and driving
apparatus of the vehicle 100 such that the other vehicle does
not collide with the vehicle 100.

The processor 270 may determine whether the vehicle
100 1s expected to change lanes or the travel route of the
other vehicle on the basis of acquired imformation and
control the first level alarm to be output upon determining
that the vehicle 100 1s not expected to change lanes or the
other vehicle 1s distant from the vehicle 100.

The processor 270 may provide the second level alarm
upon determining that the other vehicle approaches the
vehicle 100 within the predetermined distance during lane
change of the vehicle 100 on the basis of acquired 1informa-
tion.

The processor 270 may calculate variations in the relative
distance and relative velocity between the other vehicle and
the vehicle 100 on the basis of the vehicle state information
included 1n the vehicle information and vehicle state infor-
mation of the other vehicle. The processor 270 may analyze
movement of the other vehicle on the basis of the position,
speed, steering angle and travel route of the other vehicle,
which are included 1n the vehicle state information of the
other vehicle, while analyzing movement of the vehicle 100
on the basis of the position, speed, steering angle and travel
route of the vehicle 100, which are included in the vehicle
state information. The processor 270 may calculate varia-
tions 1n the relative distance and relative velocity between
the other vehicle and the vehicle 100 by analyzing move-
ment of the vehicle 100 and movement of the other vehicle.

The processor 270 may calculate time to collision (TTC)
on the basis of vanations 1n the relative distance and relative
velocity between the other vehicle and the vehicle 100. The
processor 270 may determine whether the other vehicle
collides with the vehicle 100 when the vehicle 100 travels 1n
the same state as the current state on the basis of the
calculated TTC.

Upon determining that the vehicle 100 collides with the
other vehicle, the processor 270 calculates movement of the
vehicle 100 to avoid collision with the other vehicle. In this
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case, the processor 270 may sense objects present around the
vehicle 100 through the sensing units 210 and 1235. The
processor 270 may calculate movement of the vehicle 100 to
prevent collision with the other vehicle while avoiding the
objects sensed around the vehicle 100.

The processor 270 may provide a signal for controlling at
least one of the steering apparatus, brake apparatus and
driving apparatus of the vehicle 100 such that the vehicle
100 moves according to the calculated movement. The
processor 270 may provide the control signal to the con-
troller 170 or the vehicle driving unit 150 through the
interface 250. The controller 170 or the vehicle driving unit
150 controls the vehicle 100 in response to the control
signal.

The processor 270 may be implemented using at least one
of ASICs (application specific integrated circuits), DSPs
(digital signal processors), DSPDs (digital signal processing
devices), PLDs (programmable logic devices), FPGAs (field

programmable gate arrays), processors, controllers, micro-
controllers, microprocessors and other electrical units for
executing the corresponding functions.

The mput unit 230 may receive user input with respect to
the driver assistance apparatus 200. The mput umt 230 may
receive mput for activating the driver assistance apparatus
200. The dniver assistance apparatus 200 can operate upon
reception of input for activating the driver assistance appa-
ratus 200 through the mnput unit 230.

The mput unit 230 may receive activation input for
various functions of the driver assistance apparatus 200.
Functions of the driver assistance apparatus 200 may include
change of an alarm output means, BSD zone change and
vehicle avoidance. Upon reception of activation input for a
specific function of the dniver assistance apparatus 200
through the input unit 230, the specific function can be
executed.

The 1nput unit 230 may recerve input for setting alarm
output through the output unit 260.

The mnput unit 230 may include at least one of a mechani-
cal input device, a touch type mput device, an audio 1nput
device and a wireless 1nput device.

The mechanical input device may include a button, a
lever, a jog wheel and a switch. The touch type mnput device
may include at least one touch sensor. The touch type input
device may be configured as a touchscreen. The audio mput
device may convert voice into electrical signals. The audio
input device may include a microphone. The wireless iput
device may wirelessly receive user input.

The memory 240 may store various types of data regard-
ing operation of the driver assistance apparatus 200, such as
programs for processing or control of the processor 270.

The memory 240 may be various storage devices such as
a ROM, a RAM, an EPROM, a flash drive and a hard drive.
The memory 240 may be included 1n the processor 270 as a
component according to embodiment.

The power supply umit 290 may provide power necessary
for operations of the components of the driver assistance
apparatus 200 under the control of the processor 270. The
power supply unit 290 may be provided with power from a
battery of the vehicle 100.

FIGS. 4a, 4b and 4¢ are views for explaining sensing unit
arrangement and BSD zone arrangement of the driver assis-
tance apparatus according to an embodiment of the present
invention.

Referring to FIGS. 4aq and 4b, the sensing unit 210 of the
driver assistance apparatus 200 may be provided to a region
of the vehicle 100. For example, the sensing unit 210 can be
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provided to at least one of a region of the rear bumper and
a side mirror of the vehicle 100.

The driver assistance apparatus 200 may include at least
one sensing unit 210.

The sensing unit 210 may sense an object present outside
the vehicle 100. For example, the sensing unit 210 can have
a sensing range for sensing an object outside the vehicle 100.

The sensing unit 210 may be one of a camera, a radar, a
lidar, an ultrasonic sensor and an infrared sensor.

Referring to FIG. 4b, the sensing umt 210 according to an
embodiment of the present invention may be provided to the
right side mirror and the left side mirror of the vehicle 100.

The drniver assistance apparatus 200 may further include
an optical output unit 211 and an audio output unit 212.

The optical output unit 211 and the audio output unit 212
may be provided to a region inside or outside the vehicle
100. For example, the optical output unit 211 and the audio
output unit 212 can be provided to the left and right sides of
the vehicle, corresponding to the sensing unit 210 provided
to the left and right side mirrors.

When the optical output unit 211 and the audio output unit
212 are provided to the left and right sides of the vehicles,
an alarm 1s output through the optical output unit 211 and the
audio output unit 212 corresponding to an object sensed
through the sensing unit 210.

Referring to FIG. 4¢, a BSD zone according to an embodi-
ment of the present mnvention may be formed at the left and
right sides of the vehicle 100. The BSD zone may include a
lett BSD zone 301a and a right BSD zone 3015.

The processor 270 may output alarms respectively corre-
sponding to the lett BSD zone 301a and the right BSD zone
3015 through the output unit 260. For example, the proces-
sor 270 can output an alarm through at least one of the
optical output umt 211 and the audio output unit 212
provided to the left side of the vehicle 100 when an object
sensed through the sensing unit 210 is located 1n the left
BSD zone 301a.

Referring to (a) of FIG. 4¢, the sensing unit 210 may be
provided to left and right regions of the rear bumper of the
vehicle 100 according to an embodiment of the present
invention.

Referring to (b) of FIG. 4¢, the sensing unit 210 may be
provided to the left and right side mirrors of the vehicle 100
according to an embodiment of the present invention.

The processor 270 may output an alarm through the
output unit 260 when an object sensed through the sensing
unit 210 1s located 1n the left BSD zone 301a or the right
BSD zone 3015. For example, the processor 270 can output
an alarm corresponding to the leit BSD zone 3014 through
the output unit 260 when an object sensed by the sensing
unit 210 1s located 1n the leit BSD zone 301a.

FIGS. 5a, 56 and 3¢ are views for explaining a BSD zone
for output of an alarm by the driver assistance apparatus
according to an embodiment of the present invention.

Referring to FIG. 3a, the processor 270 may respectively
set a first BSD zone and a second BSD zone at the left and
right sides of the vehicle 100.

The processor 270 may sense an object located 1n at least
one of a first left BSD zone 302q, a first right BSD zone
3025, a second left BSD zone 303¢q and a second right BSD
zone 30356 through the sensing umt 210 provided to a
rear-side of the vehicle 100.

In this case, the BSD zone may include the first leit BSD
zone 302a, the first right BSD zone 3025, the second leit
BSD zone 3034 and the second right BSD zone 3035. The
second left BSD zone 303a may be included 1n the first left
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BSD zone 302a. The second right BSD zone 30356 may be

included 1n the first nght BSD zone 3026b.

The processor 270 may output the first level alarm
through the output unit 260 upon detection of an object 1n
the first left BSD zone 302a and the first right BSD zone
302b. The processor 270 may output the second level alarm
through the output unit 260 upon detection of an object in
the second left BSD zone 3034 and the second right BSD
zone 3035. The first level alarm and the second level alarm
may be set diflerently according to setting mput applied
through the mput unit 230.

The processor 270 may individually change the first left
BSD zone 3024, the first right BSD zone 3025, the second
lett BSD zone 303q and the second right BSD zone 3035 on
the basis of the vehicle information.

The processor 270 may extend the first leit or right BSD
zone 1n which an object 1s located upon determining that the
driver of the vehicle 100 needs to recognize the object on the
basis of the vehicle information. The processor 270 may
extend the second left or right BSD zone 1n which risk of
accident 1s present upon recognition of high degree of risk

on the basis of the vehicle information.

Referring to FI1G. 55, the processor 270 may further set a
lett BSD zone 301q and a right BSD zone 3015 in addition
to the first left BSD zone 302a, the first right BSD zone
3025, the second left BSD zone 3034 and the second right
BSD zone 3035.

The processor 270 may sense an object located 1n at least
one of the first left BSD zone 302a, the first right BSD zone
3025, the second left BSD zone 303a and the second right
BSD zone 3035 through the sensing unit 210 provided to a
rear-side of the vehicle 100. Simultaneously, the processor
270 may sense an object located in the left BSD zone 301qa
or the rnight BSD zone 3015 through the sensing unit 210
provided to the side mirrors of the vehicle 100.

The processor 270 may individually change the first left
BSD zone 302a, the first right BSD zone 3025, the second
lett BSD zone 3034, the second right BSD zone 3035, the
lett BSD zone 301a and the right BSD zone 3015 on the
basis of the vehicle information.

The processor 270 may set alarm output when an object
1s sensed 1n the left BSD zone 301a or the nght BSD zone

3015, through the mput unit 230.

Referring to FIG. 5¢, the processor 270 may change at
least one of the left BSD zone 301a and the night BSD zone
3015 on the basis of the vehicle mformation.

The processor 270 may extend the left and right BSD
zones 301a and 3015 upon determining that the driver needs
to recognize an object on the basis of the vehicle informa-
tion. For example, when the speed of the vehicle 100
increases, another vehicle 1s faster than the vehicle 100, the
vehicle 100 travels on an expressway or the vehicle 100
travels at mght, the processor 270 can extend the BSD zones.
In this case, output of alarm 1s advanced due to the extended
BSD zones 30354 and 3055.

The processor 270 may reduce the left and right BSD
zones 301a and 3015 upon determining that the driver need
not rapidly recognize an object on the basis of the vehicle
information. For example, when the speed of the vehicle 100
1s low, another vehicle 1s slower than the vehicle 100, trattic
around the vehicle 100 1s congested or the vehicle 100
travels 1 the daytime, the processor 270 can reduce the BSD
zones. Output of alarm 1s delayed due to the reduced BSD
zones 304a and 3045b.

The processor 270 may extend the BSD zone at the left or
right side of the vehicle 100, 1n which an object approaching
the vehicle 100 1s located. The processor 270 may determine
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lane change possibility of the vehicle 100 on the basis of the
vehicle mformation and extend the BSD zone at the left or
right side of the vehicle 100, which corresponds to a lane to
which the vehicle 100 will move.

FIGS. 6a and 6 are views for explaining operation of the
driver assistance apparatus to change the BSD zone on the
basis of the vehicle state information according to an
embodiment of the present invention.

The processor 270 may change the BSD zone on the basis
of the vehicle state information. The vehicle state informa-
tion 1ncludes information about at least one of the position,
gears position, speed, steering angle, turn signal and travel
route of the vehicle.

Referring to FIG. 64, the processor 270 extends the lett or
right BSD zone present 1in a direction 1n which the vehicle
100 moves on the basis of information about the steering
angle or turn signal of the vehicle.

The processor 270 may extend the left or right BSD zone
which 1s present in a direction corresponding to the steering,
angle of the vehicle 100. The processor 270 may extend the
left or right BSD zone which i1s present i a direction
corresponding to a turned-on turn signal of the vehicle 100.

Since the direction corresponding to the steering angle or
turn signal of the vehicle 100 may correspond to the direc-
tion in which the vehicle 100 moves, the processor 270 may
extend the BSD zone at the left or nght side of the vehicle,
which 1s present in the direction corresponding to the
steering angle or turn signal of the vehicle 100.

For example, the processor 270 can extend the right BSD
zone 3055 when the steering wheel of the vehicle 100 rotates
to the right or a right turn signal of the vehicle 100 1s turned
on. In this case, the processor 270 may not change the left
BSD zone 301a or reduce the leit BSD zone 301a.

The processor 270 may determine lane change of the
vehicle 100 on the basis of the steering angle or turn signal
of the vehicle 100. The processor 270 may extend the BSD
zone corresponding to a lane to which the vehicle 100 will
move upon determining that the vehicle 100 1s changing
lanes.

When the steering angle of the vehicle 100 exceeds a
predetermined angle for a predetermined time or longer, the
processor 270 extends the BSD zone present 1n a direction
corresponding to the steering angle of the vehicle 100 upon
determining that the vehicle 100 1s to change lanes. The
predetermined angle and the predetermined time may be
determined through experimentation and stored in the
memory.

When a turn signal of the vehicle 100 1s turned on for a
predetermined time or longer, the processor 270 extends the
BSD zone present in a direction corresponding to the turn
signal of the vehicle 100 upon determining that the vehicle
100 1s to change lanes. The predetermined time may be
determined through experimentation and stored in the
memory.

Referring to FIG. 6a, the processor 270 may determine a
direction 1n which the vehicle 100 will travel on the basis of
information about the travel route of the vehicle 100 and
extend the BSD zone present 1n the direction in which the
vehicle 100 waill travel.

The processor 270 receives the information about the
travel route of the vehicle 100 through the interface 250. The
processor 270 may extend the right. BSD zone 3055 when
the vehicle 100 1s expected to move to the right lane on the
basis of the mmformation about the travel route of the vehicle
100.

FIGS. 7a to 7d are views for explaining operation of the
driver assistance apparatus to change the second BSD zones
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on the basis of the vehicle state information according to an
embodiment of the present invention.

The processor 270 may set the first BSD zones 302a and
3025 and the second BSD zones 303a and 3035. The second
BSD zones may be closer to the vehicle 100 than the first
BSD zones.

The processor 270 may provide the first signal corre-
sponding to the first level alarm when an object 1s sensed 1n
the first BSD zone and provide the second signal corre-
sponding to the second level alarm when an object 1s sensed
in the second BSD zone. The second level alarm may
indicate a more dangerous situation than the first level alarm.
When the second BSD zone 1s extended, second level alarm
output time 1s advanced and thus the driver can recognize a
high-risk situation more rapidly. When the second BSD zone
1s reduced, second level alarm output time 1s delayed.
Referring to FIG. 7a, the processor 270 may extend the
second left or right BSD zone 303a or 3075 corresponding

to the direction of the steering angle or turn signal of the
vehicle 100.

When the vehicle 100 changes lanes, the driver needs to
pay attention to a lane to which the vehicle 100 will move.
Accordingly, the processor 270 can extend the second BSD
zone 1n which the lane to which the vehicle 100 will move
1s located.

For example, when the steering wheel of the vehicle 100
rotates to the right or the right turn signal of the vehicle 100
1s turned on, the processor 270 extends the second right BSD
zone 3075 upon determining that the vehicle 100 moves to
the right lane. Accordingly, the driver can recognize another
vehicle rapidly approaching the right side of the vehicle 100
when being expected to move to the right lane.

Referring to FIGS. 7b and 7¢, the processor 270 may
extend the second BSD zones 307a and 3075 when the gear
position of the vehicle 100 1s R.

For example, when the vehicle 100 goes the wrong way
and thus 1s reversed, the processor 270 extends the second
lett BSD zone 307a and the second right BSD zone 3075
since there 1s high possibility of collision with an object.
Accordingly, 1t 1s possible to increase the possibility that the
driver recognizes a vehicle approaching the vehicle 100
when the vehicle 100 goes the wrong way and thus 1s
reversed.

When the parked vehicle 100 1s reversed to move out of
a parking space and a road 1s present behind the parking
space, there 1s high possibility of collision between the
vehicle 100 and an object behind the vehicle 100. Accord-
ingly, the processor 270 extends the second leit BSD zone
307a and the second right BSD zone 3075. Accordingly, 1t
1S possﬂ:)le to increase the possibility that the driver of the
vehicle 100 recognizes a vehicle approaching the rear of the
vehicle 100.

Reterring to FIG. 7d, the processor 270 may extend the
second left or right BSD zone 307a or 3035 corresponding,
to a lane to which the vehicle 100 moves when lane change
of the vehicle 100 1s expected on the basis of the information
about the travel route of the vehicle 100.

The processor 270 may determine lane change possibility
ol the vehicle 100 on the basis of the information about the
travel route of the vehicle 100, received through the inter-
tace 250.

For example, when the travel route to a destination
corresponds to the second lane and the lane in which the
vehicle 100 currently travels 1s the third lane, the processor
270 can determine that there 1s lane change possibility of the

vehicle 100.




US 10,611,383 B2

33

When the vehicle 100 changes lanes to the left lane, the
driver needs to pay attention to the left lane of the vehicle
100 and thus the processor 270 can extend the second left
BSD zone 307a.

FIGS. 8a and 8b are views for explaining a case in which
the driver assistance apparatus according to an embodiment
of the present invention outputs the first level alarm even
when an object 1s sensed 1n the second BSD zones.

Referring to FIG. 8a, the processor 270 may output the
first level alarm through the output unit 260 even when an
object 1s sensed 1n the second BSD zones 303a and 3035
upon determining that the vehicle 100 1s not changing lanes
on the basis of information about at least one of the steering
angle, turn signal and travel route of the vehicle 100.

The processor 270 may determine whether the vehicle
100 changes lanes on the basis of the information about at
least one of the steering angle, turn signal and travel route
of the vehicle 100. For example, when the steering wheel of
the vehicle 100 does not rotate, a turn signal 1s not turned on
and the vehicle 100 travels straight, the processor 270 can
determine that the vehicle 100 1s not changing lanes.

Upon determining that the vehicle 100 i1s not changing
lanes, the processor 270 may provide the first signal corre-
sponding to the first level alarm when an object 1s sensed 1n
the second BSD zones. The output unit 260 outputs the first
level alarm corresponding to the first signal provided by the
processor 270. When the vehicle 100 1s not changing lanes,
risk of collision with an object present at a rear-side of the
vehicle 100 1s low and thus the processor 270 outputs a
low-level alarm even when an object 1s sensed in the second
BSD zones.

In addition, the processor 270 may output the first level
alarm through the output unit 260 even when an object 1s
sensed 1 the second BSD zones 303a and 3035 upon
determining that another vehicle changes lanes such that a
distance between the other vehicle and the vehicle 100
increases on the basis of information about the travel route
of the other vehicle, recerved through the communication
unit 220.

The processor 270 may determine whether the other
vehicle travels such that the distance between the other
vehicle and the vehicle 100 increases on the basis of the
travel route mformation of the vehicle 100 and the travel
route information of the other vehicle. The processor 270
provides the first signal corresponding to the first level alarm
even when an object 1s sensed 1n the second BSD zones 303a
and 3035 upon determining that the other vehicle travels
such that the distance between the other vehicle and the
vehicle 100 increases. The output unit 260 outputs the first
level alarm corresponding to the first signal provided by the
processor 270. When a distance between the vehicle 100 and
an object present in a BSD zone 1ncreases, accident possi-
bility 1s low and thus the processor 270 can output a
low-level alarm even when an object 1s sensed 1n the second
BSD zones.

Referring to FIG. 8b, the processor 270 may analyze
movement of the vehicle 100 or the other vehicle through the
x-ax1s and y-axis.

Referring to (a) of FIG. 8b, the processor 270 may
generate x-axis and y-axis coordinates and analyze move-
ment of the vehicle 100 through the coordinates. The pro-
cessor 270 may determine whether the vehicle 100 changes
lanes on the basis of information about at least one of the
steering angle, turn signal and travel route of the vehicle
100. The processor 270 may determine a lane to which the
vehicle 100 will move on the basis of the travel route
information of the vehicle 100, determine the lane in which
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the vehicle 100 currently travels and calculate a route along
which the vehicle 100 will move based on the generated
coordinates.

Retferring to (b) of FIG. 8b, the processor 270 may
generate x-axis and y-axis coordinates and analyze move-
ment of the other vehicle. The processor 270 may determine
that the other vehicle 300 travels such that a distance
between the vehicle 300 and the vehicle 100 on the x-axis
increases while moving in the same direction as the vehicle
100 1n which the y-axis value increases on the basis of
information about the other vehicle, received through the
communication unit 220. The processor 270 may not output
a signal corresponding to an alarm or output only the first
signal corresponding to the first level alarm upon determin-
ing that the other vehicle 300 travels such that the distance
between the vehicle 300 and the vehicle 100 increases.

FIGS. 9a and 95 are views for explaining operation of the
driver assistance apparatus according to an embodiment of
the present invention to change the BSD zone on the basis
ol state information of another vehicle.

The vehicle state information of another vehicle may
include information about at least one of the model, position,
speed, steering angle, turn signal and travel route of the other
vehicle, received through the communication unit 220. The
processor 270 may change the BSD zone on the basis of the
vehicle state information of the other vehicle.

Reterring to FIG. 9a, when the other vehicle 300 1s a large
vehicle or the other vehicle 300 approaches the vehicle 100,
the processor 270 may extend the left or right BSD zone
301a or 3015 in which the other vehicle 300 1s located.

The processor 270 may determine whether the other
vehicle 300 present at the left side of the vehicle 100 1s a
large vehicle or approaches the vehicle 100 on the basis of
the vehicle state information of the other vehicle.

When the other vehicle 300 1s a large vehicle or
approaches the vehicle 100, the drniver of the vehicle 100
needs to recognize the other vehicle. Accordingly, the pro-
cessor 270 may extend the left BSD zone 301a correspond-
ing to the other vehicle 300. In this case, the processor 270
determines which one of the left BSD zone 301a and the
right BSD zone 3015 corresponds to the other vehicle 300 on
the basis of the position information of the other vehicle 300,
received through the communication unit 220.

Referring to FIG. 95, when the other vehicle 300 1s a large
vehicle or approaches the vehicle 100, the processor 270
may extend the second left or nght BSD zone 307a or 3035
in which the other vehicle 300 1s located.

The processor 270 may extend the second left BSD zone
307a upon determining that the other vehicle 300 present at
the left side of the vehicle 100 i1s a large vehicle or
approaches the vehicle 100 on the basis of the vehicle state
information of the other vehicle.

Accordingly, the possibility that the driver recognizes the
large vehicle 1s 1increased.

FIG. 10 1s a view for explaining operation of the driver
assistance apparatus according to an embodiment of the
present invention to output the second level alarm on the
basis of the vehicle state information and the vehicle state
information of the other vehicle.

Referring to FIG. 10, the processor 270 may provide the
second signal corresponding to the second level alarm upon
determining that the other vehicle 300 approaches the
vehicle 100 within a predetermined distance during lane
change of the vehicle 100 on the basis of the vehicle state
information and the vehicle state information of the other
vehicle, which are respectively received through the inter-
face 250 and the communication unit 220.
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The vehicle state information includes information about
at least one of the position, gear position, speed, steering
angle, turn signal and travel route of the vehicle 100,
received through the interface 2350. The vehicle state infor-
mation of the other vehicle includes information about at
least one of the model, position, speed, steering angle, turn
signal and travel route of the other vehicle 300.

The processor 270 may determine movement of the other
vehicle 300 during lane change of the vehicle 100 on the
basis of the vehicle state information and the vehicle state
information of the other vehicle 300. In addition, the pro-
cessor 270 may calculate a distance between the other
vehicle 300 and the vehicle 100 on the basis of the vehicle
state information and the vehicle state information of the
other vehicle 300. Accordingly, the processor 270 can deter-
mine whether the other vehicle 300 approaches the vehicle
100 within a predetermined distance during lane change of
the vehicle 100. The predetermined distance 1s a distance
requiring an alarm with respect to the other vehicle and may
be determined through experimentation and stored in the
memory 250.

The processor 270 outputs the second level alarm through
the output unit 260 even when the other vehicle 300 1s not
sensed 1n the BSD zone upon determining that the other
vehicle 300 approaches the vehicle 100 within the prede-
termined distance during lane change of the vehicle 100.

FIGS. 11a, 115 and 11c¢ are views for explaining operation
of the driver assistance apparatus according to an embodi-
ment of the present invention to change the BSD zone on the
basis of traveling environment information.

The traveling environment information may include at
least one of traveling time information indicating whether
the vehicle 100 travels at night or in the daytime, road
information indicating the type of a road on which the
vehicle 100 travels and traflic state information indicating,
whether tratflic around the vehicle 100 1s smooth or con-
gested.

Referring to FIG. 11a, the processor 270 may reduce the
left BSD zone 301a and the right BSD zone 3015 when
trailic around the vehicle 100 1s congested.

The processor 270 may determine whether traflic around
the vehicle 100 1s smooth or congested on the basis of the
traflic state information included in the traveling environ-
ment 1nformation.

When traflic around the vehicle 100 1s congested, speeds
of the vehicle 100 and other vehicles decrease. Accordingly,
the processor 270 reduces the BSD zone since the driver of
the vehicle 100 may not necessarily recognize objects
around the vehicle 100.

The processor 270 may reduce the BSD zone even when
the vehicle 100 travels on an expressway at night when
traflic around the vehicle 100 1s congested.

Referring to FI1G. 115, when the road on which the vehicle
100 travels corresponds to a ramp, the processor 270 may
extend the left or right BSD zone 301a or 3015 1n which a
junction 1s located.

When the vehicle 100 travels on a ramp connected to a
junction, another vehicle approaches the vehicle 100 at the
junction and thus the processor 270 can extend the left or
right BSD zone 301a or 3015 which includes the junction.

Accordingly, the driver of the vehicle 100 can recognize
another vehicle entering a junction connected to a ramp
when the vehicle 100 travels on the ramp.

Referring to FI1G. 11¢, when the road on which the vehicle
100 travels corresponds to a bottleneck and lane change of
the vehicle 100 1s expected on the basis of the traveling
environment information and information related to the
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vehicle 100, the processor 270 may extend the left or right
BSD zone 301a or 3015 which includes a lane to which the
vehicle 100 will move.

When the road on which the vehicle 100 travels corre-
sponds to a bottleneck, the vehicle 100 may need to change
lanes. Accordingly, the processor 270 determines lane
change possibility of the vehicle 100 on the basis of the
information related to the vehicle 100 when the road on
which the vehicle 100 travels corresponds to a bottleneck.
When the road on which the vehicle 100 travels corresponds
to a bottleneck and lane change of the vehicle 100 1s
expected, the processor 270 can extend the left or right BSD
zone 301a or 3015 which includes a lane to which the
vehicle 100 will move.

FIGS. 124 and 125) are views for explaining operation of
the driver assistance apparatus according to an embodiment
of the present invention to change the second BSD zones on
the basis of the traveling environment information.

Referring to FIG. 12a, when tratlic around the vehicle 100
1s congested, the processor 270 may reduce the second BSD
zones 303a and 3035 for outputting the second level alarm
since speeds of the vehicle 100 and other vehicles are low.

When traflic around the vehicle 100 1s congested even
when the vehicle 100 travels on an expressway, the proces-
sor 270 can reduce the second BSD zones 303aq and 3035
since speeds of the vehicle 100 and other vehicles are low.

When traflic around the vehicle 100 1s congested even
when the vehicle 100 travels at night, the processor 270 can
reduce the second BSD zones 303a and 3035 since speeds
of the vehicle 100 and other vehicles are low.

Referring to FIG. 125, the processor 270 may extend the
second BSD zones 303a and 3035 when the road on which
the vehicle 100 travels correspond to a curve.

When the road on which the vehicle 100 travels corre-
spond to a curve, the processor 270 can extend the second
BSD zones 303a and 3035 since accident possibility and risk
are high. Accordingly, the driver of the vehicle 100 can
casily recognize other vehicles around the vehicle 100 when
the vehicle 100 travels along a curve.

The present invention may be implemented as code that
can be written to a computer-readable recording medium
and can thus be read by a computer. The computer-readable
recording medium may be any type of recording device in
which data can be stored in a computer-readable manner.
Examples of the computer-readable recording medium
include an HDD (Hard Disk Drive), an SSD (Solid State
Drive), SDD (Silicon Disc Drive), a ROM, a RAM, a
CD-ROM, a magnetic tape, a floppy disk, optical data
storage, and a carrier wave, e.g., data transmission over the
Internet. The computer may include the processor 270 or the
controller 170. Although the preferred embodiments of the
present mvention have been disclosed for illustrative pur-
poses, those skilled 1in the art will appreciate that various
modifications, additions and substitutions are possible, with-
out departing from the scope and spirit of the mmvention as
disclosed in the accompanying claims.

What 1s claimed 1s:

1. A driver assistance apparatus for a vehicle, comprising;:

an 1nterface that 1s configured to iteract with one or more

devices of the vehicle; and

a processor configured to:

set a blind spot detection (BSD) zone,

obtain vehicle information,

change the BSD zone based on the vehicle information,

determine, based on a location of an object sensed by
at least one of sensors, whether the object 1s 1n the

BSD zone, and
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control, based on a determination that the object 1s 1n
the BSD zone, an output unmit to provide a notifica-
tion,

wherein the processor 1s further configured to, based on an

clapse of a predetermined time after a turn signal of the

vehicle 1s turned on, extend the BSD zone 1n a direction

corresponding to the turn signal of the vehicle, and

wherein the processor 1s further configured to:

obtain, through the interface, travel route information
from the one or more devices of the vehicle, and

extend the BSD zone 1n a direction 1n which the vehicle
1s expected to travel based on the travel route inior-
mation.

2. The dniver assistance apparatus of claim 1, wherein the
vehicle mnformation includes at least one of traveling time
information, road information, or tratlic information.

3. The driver assistance apparatus of claim 2, wherein the
processor 1s configured to:

obtain the trathic information,

determine, based on the traflic information, whether tratlic

at the vehicle 1s congested, and

determine, based on the determination that the tratlic at

the vehicle 1s congested, a size of the BSD zone.

4. The driver assistance apparatus of claim 2, wherein the
BSD zone includes a first BSD zone and a second BSD zone,
and

wherein the processor 1s configured to:

obtain the road information,

determine, based on the road information, whether the
vehicle 1s traveling within a first distance of a
junction,

determine, based on the determination that the vehicle
1s traveling within the first distance of the junction,
whether the junction 1s closer to the first BSD zone
or the second BSD zone, and

change, based on the determination of whether the
junction 1s closer to the first BSD zone or the second
BSD zone, the first BSD zone or the second BSD
Zone.

5. The driver assistance apparatus of claim 1,
wherein the processor 1s configured to:
obtain, from the one or more devices of the vehicle
using the interface, vehicle state information of the
vehicle, the vehicle state imnformation including at
least one of position information, gear position infor-
mation, speed information, steering information, or
turn signal information, and
change the BSD zone based on the vehicle state infor-
mation.
6. The driver assistance apparatus of claim 3, wherein the
processor 1s configured to:
determine, based on at least one of the steering informa-
tion, the turn signal information, or the travel route
information, whether the vehicle 1s expected to change
a lane 1 which the vehicle 1s traveling, and

change, based on the determination that the vehicle 1s
expected to change the lane 1n which the vehicle 1s
traveling, the BSD zone 1n a direction to which the
vehicle 1s expected to move.

7. The driver assistance apparatus of claim 5, wherein the
processor 1s configured to:

determine, based on the speed information, whether a

speed of the vehicle has changed, and

change the BSD zone based on the determination that the

speed of the vehicle has been changed.
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8. The driver assistance apparatus of claim 5, wherein the

BSD zone includes a first BSD zone and a second BSD zone,
and

wherein the processor 1s configured to:
determine, based on at least one of the steering infor-
mation, the turn signal information, or the travel
route information, whether the vehicle 1s expected to
change a lane 1n which the vehicle 1s traveling,
determine, based on the determination that the vehicle
1s expected to change the lane 1 which the vehicle
1s traveling, whether a lane to which the vehicle 1s
expected to move 1s closer to the first BSD zone or
the second BSD zone, and
change, based on the determination of whether the lane
to which the vehicle 1s expected to move 1s closer to
the first BSD zone or the second BSD zone, the first
BSD zone or the second BSD zone.
9. A driver assistance apparatus for a vehicle, comprising:
a communicator that 1s configured to communicate with a
first vehicle other than the vehicle; and

a processor configured to:
set a blind detection (BSD) zone,
obtain, using the communicator, vehicle state informa-
tion of the first vehicle, the vehicle state information
including at least one of model information, position
information, speed information, steering informa-
tion, turn signal information, or travel route infor-
mation,
change the BSD zone based on the vehicle state infor-
mation of the first vehicle,
determine, based on a location of an object sensed by
at least one of sensors, whether the object 1s 1n the
BSD zone, and
control, based on a determination that the object 1s 1n
the BSD zone, an output unit to provide a notifica-
tion.
10. The driver assistance apparatus of claim 9, wherein

the processor 1s configured to:

determine, based on the vehicle state information of the
first vehicle, whether the first vehicle 1s expected to
approach to the vehicle, and

change, based on the determination that the first vehicle 1s
expected to approach to the vehicle, the BSD zone 1n a
direction to which the first vehicle 1s expected to
approach.

11. The driver assistance apparatus of claim 9, wherein the

BSD zone includes a first BSD zone and a second BSD zone,
and

wherein the processor 1s configured to:
determine, based on the vehicle state information of the
first vehicle, whether the first vehicle 1s expected to
approach to the first BSD zone or the second BSD
zone, and
change, based on the determination of whether the first
vehicle 1s expected to approach the first BSD zone or
the second BSD zone, the first BSD zone or the
second BSD zone.
12. The driver assistance apparatus of claim 1, wherein a

60 plurality of BSD zones are present, and

wherein the processor 1s configured to individually

change the plurality of BSD zones based on the vehicle
information.

13. The driver assistance apparatus of claim 12, wherein

65 the processor 1s configured to:

discriminate alarms respectively corresponding to the
plurality of BSD zones, and
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control a first alarm corresponding to a first BSD zone of
the plurality of BSD zones as output, the first BSD zone
being a BSD zone in which an object 1s located.

14. The dniver assistance apparatus of claim 13, wherein
the plurality of BSD zones include a first BSD zone and a
second BSD zone that 1s smaller than the first BSD zone,

wherein the processor 1s configured to:

control (1) a first level alarm to be output when the
object 1s located 1n the first BSD zone and (11) a
second level alarm to be output when the object 1s
located 1n the second BSD zone.

15. The driver assistance apparatus of claim 14, wherein
the processor 1s configured to:

obtain at least one of traveling time information, road

information, or trathc information, and

change the second BSD zone based on at least one of the

traveling time information, the road information, or the
traflic information.

16. The driver assistance apparatus of claim 14,

wherein the processor 1s configured to:

obtain, from one or more devices of the vehicle using
the interface, vehicle state information of the vehicle,
the vehicle state information including at least one of
position 1nformation, gear position information,
speed mformation, steering information, turn signal
information, or travel route information, and
change the second BSD zone based on the vehicle state
information of the vehicle.

17. The driver assistance apparatus of claim 14, further
comprising;

a communicator that 1s configured to communicate with a

second vehicle other than the vehicle,

wherein the processor 1s configured to:

obtain, using the communicator, vehicle state informa-
tion of the second vehicle, the vehicle state infor-
mation of the second vehicle including at least one of
model 1information, position information, speed
information, steering information, turn signal infor-
mation, or travel route information of the second
vehicle, and

change the second BSD zone based on the vehicle state
information of the second vehicle.

18. The driver assistance apparatus of claim 14, further
comprising:

a communicator that 1s configured to communicate with a

third vehicle other than the vehicle,

wherein the processor 1s configured to:

acquire first information related to the vehicle through
the interface,

acquire second information related to the third vehicle
through the communaicator,

determine, based on the first information and the sec-
ond 1information, whether the vehicle 1s expected to
change a lane 1n which the vehicle 1s traveling or
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whether the third vehicle moves such that a distance
between the third vehicle and the vehicle increases,
and
control the first level alarm to be output based on a
determination (1) that the vehicle 1s not expected to
change the lane 1n which the vehicle 1s traveling or
(1) that the third vehicle moves such that a distance
between the third vehicle and the vehicle increases.
19. The driver assistance apparatus of claim 14, further
comprising;
a communicator unit that 1s configured to communicate
with a third vehicle other than the vehicle,
wherein the processor 1s configured to:
acquire first information related to the vehicle through
the interface,
acquire second information related to the third vehicle
through the communicator,
determine, based on the first information and the sec-
ond information, whether the third vehicle
approaches the vehicle within a first distance during
the vehicle changing a lane 1n which the vehicle 1s
traveling, and
control the second level alarm to be output based on a
determination that the third vehicle approaches the
vehicle within the first distance during the vehicle
changing the lane 1n which the vehicle 1s traveling.
20. The driver assistance apparatus of claim 1, wherein
the processor 1s configured to:
determine, based on the vehicle information, whether the
vehicle 1s expected to collide with the object, and
provide, based on the determination that the vehicle 1s
expected to collide with the object, a control signal to
control at least one of a steering apparatus of the
vehicle, a brake apparatus of the vehicle, or a driving
apparatus of the vehicle.
21. A method for operation of a driver assistance appa-
ratus for a vehicle, comprising:
setting, by a processor, a blind spot detection (BSD) zone;
obtaining, by a communicator, vehicle state information
of a first vehicle other than the vehicle, the vehicle state
information including at least one of model informa-
tion, position information, speed mmformation, steering
information, turn signal information, or travel route
information;
changing, by the processor, the BSD zone based on the
vehicle state information of the first vehicle;
determining, by the processor, based on a location of an
object sensed by at least one of sensors, whether the
object 1s 1n the BSD zone; and
controlling, by the processor, based on a determination
that the object 1s 1n the BSD zone, an output unit to
provide a notification.
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